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TUBULAR MEMBERS 

Cross Reference To Related Applications 
[001] This application is a continuation-in-part of U.S. utility patent application serial 
number 10/089,419, attorney docket number 25791.36.03, filed on 3/27/2002, which was 
filed as a national stage of PCT patent application serial number PCT/US00/27645, attorney 
docket no. 25791.36.02, filed on October 5, 2000, which claimed the benefit of the filing 
dates of: (1) U.S. Provisional Patent Application serial no. 60/159,039, attorney docket no. 
25791.36, filed on October 12, 1999; and (2) U.S. Provisional Patent Application serial no. 
60/165,228, attorney docket no. 25791.39, filed on November 12, 1999, the disclosures of 
which are incorporated herein by reference. 

[002J This application is related to the following co-pending applications: (1 ) U.S. Patent 
Number 6,497,289, which was filed as U.S. Patent Application serial no. 09/454,139, 
attorney docket no. 25791.03.02, filed on 12/3/1999, which claims priority from provisional 
application 60/111,293, filed on 12/7/98, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, which claims priority from provisional 
application 60/121,702, filed on 2/25/99, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, which claims priority from provisional 
application 60/119,611, filed on 2/11/99, (4) U.S. patent no. 6,328,113, which was filed as 
U.S. Patent Application serial number 09/440,338, attorney docket number 25791 .9.02, filed 
on 11/15/99, which claims priority from provisional application 60/108,558, filed on 11/16/98, 
(5) U.S. patent application serial no. 10/169.434, attorney docket no. 25791.10.04, filed on 
7/1/02, which claims priority from provisional application 60/183,546, filed on 2/18/00, (6) 
U.S. patent application serial no. 09/523,468, attorney docket no. 25791 .11 .02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/11/99, (7) 
U.S. patent number 6,568,471, which was filed as patent application serial no. 09/512,895, 
attorney docket no. 25791.12.02, filed on 2/24/2000, which claims priority from provisional 
application 60/121.841, filed on 2/26/99. (8) U.S. patent number 6,575,240. which was filed 
as patent application serial no. 09/511.941, attorney docket no. 25791.16.02. filed on 
2/24/2000, which claims priority from provisional application 60/121.907, filed on 2/26/99, (9) 
U.S. patent number 6,557,640, which was filed as patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, which claims priority from provisional 
application 60/137.998, filed on 6/7/99, (10) U.S. patent application serial no. 09/981,916, 
attorney docket no. 25791.18, filed on 10/18/01 as a continuation-in-part application of U.S. 
patent no. 6,328,1 13, which was filed as U.S. Patent Application serial number 09/440.338, 
attorney docket number 25791.9.02. filed on 1 1/15/99, which claims priority from provisional 
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application 60/108,558, filed on 11/16/98, (11) U.S. patent number 6,604,763, which was 
filed as application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000. which claims priority from provisional application 60/131,106, filed on 4/26/99, 
(12) U.S. patent application serial no. 10/030,593, attorney docket no. 25791.25.08, filed on 
1/8/02, which claims priority from provisional application 60/146,203, filed on 7/29/99, (13) 
U.S. provisional patent application serial no. 60/143,039, attorney docket no. 25791.26, filed 
on 7/9/99, (14) U.S. patent application serial no. 10/111,982, attorney docket no. 
25791.27.08, filed on 4/30/02, which claims priority from provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (15) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(16) U.S. provisional patent application serial no. 60/438,828, attorney docket no. 25791.31, 
filed on 1/9/03, (17) U.S. patent number 6,564,875, which was filed as application serial no. 
09/679,907. attorney docket no. 25791.34.02, on 10/5/00, which claims priority from 
provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (18) U.S. patent application serial no. 10/089,419, filed on 3/27/02, attorney 
docket no. 25791.36.03, which claims priority from provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (19) U.S. patent application 
serial no. 09/679,906, filed on 10/5/00. attorney docket no. 25791.37.02, which claims 
priority from provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (20) U.S. patent application serial no. 10/303,992, filed on 
1 1/22/02, attorney docket no. 25791 .38.07, which claims priority from provisional patent 
application serial no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (21) U.S. 
provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
11/12/1999, (22) U.S. provisional patent application serial no. 60/455,051, attorney docket 
no. 25791.40, filed on 3/14/03, (23) PCT application US02/2477, filed on 6/26/02, attorney 
docket no. 25791.44.02, which claims priority from U.S. provisional patent application serial 
no. 60/303,71 1, attorney docket no. 25791.44, filed on 7/6/01, (24) U.S. patent application 
serial no. 10/311,412, filed on 12/12/02, attorney docket no. 25791.45.07, which claims 
priority from provisional patent application serial no. 60/221,443, attorney docket no. 
25791.45, filed on 7/28/2000, (25) U.S. patent application serial no. 10/, filed on 12/18/02. 
attorney docket no. 25791.46.07, which claims priority from provisional patent application 
serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (26) U.S. patent 
application serial no. 10/322,947, filed on 1/22/03, attorney docket no. 25791.47.03, which 
claims priority from provisional patent application serial no. 60/233,638, attorney docket no. 
25791.47, filed on 9/18/2000, (27) U.S. patent application serial no. 10/406,648, filed on 
3/31/03, attorney docket no. 25791.48.06, which claims priority from provisional patent 
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application serial no. 60/237,334, attorney docket no. 25791.48, filed on 10/2/2000, (28) PCT 
application US02/04353. filed on 2/14/02, attorney docket no. 25791.50.02, which claims 
priority from U.S. provisional patent application serial no. 60/270,007, attorney docket no. 
25791.50, filed on 2/20/2001 , (29) U.S. patent application serial no. 10/465,835, filed on 
6/13/03, attorney docket no. 25791.51.06, which claims priority from provisional patent 
application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (30) U.S. 
patent application serial no. 10/465,831, filed on 6/13/03, attorney docket no. 25791.52.06, 
which claims priority from U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (31) U.S. provisional patent application serial no. 
60/452,303, filed on 3/5/03. attorney docket no. 25791.53, (32) U.S. patent number 
6,470,966, which was filed as patent application serial number 09/850,093, filed on 5/7/01 , 
attorney docket no. 25791.55, as a divisional application of U.S. Patent Number 6,497,289, 
which was filed as U.S. Patent Application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 12/3/1999, which claims priority from provisional application 
60/1 1 1 ,293. filed on 12/7/98, (33) U.S. patent number 6,561,227, which was filed as patent 
application serial number 09/852,026, filed on 5/9/01, attorney docket no. 25791.56, as a 
divisional application of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
Application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, which 
claims priority from provisional application 60/111,293, filed on 12/7/98, (34) U.S. patent 
application serial number 09/852,027, filed on 5/9/01 , attorney docket no. 25791 .57, as a 
divisional application of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
Application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, which 
claims priority from provisional application 60/1 1 1 ,293, filed on 1 2/7/98, (35) PCT Application 
US02/25608, attorney docket no. 25791.58.02, filed on 8/13/02, which claims priority from 
provisional application 60/318,021 , filed on 9/7/01 , attorney docket no. 25791 .58, (36) PCT 
Application US02/24399, attorney docket no. 25791.59.02, filed on 8/1/02, which claims 
priority from U.S. provisional patent application serial no. 60/313,453, attorney docket no. 
25791 .59, filed on 8/20/2001 , (37) PCT Application US02/29856, attorney docket no. 
25791.60.02, filed on 9/19/02, which claims priority from U.S. provisional patent application 
serial no. 60/326,886, attorney docket no. 25791.60, filed on 10/3/2001, (38) PCT 
Application US02/20256, attorney docket no. 25791.61.02, filed on 6/26/02, which claims 
priority from U.S. provisional patent application serial no. 60/303.740, attorney docket no. 
25791.61. filed on 7/6/2001, (39) U.S. patent application serial no. 09/962,469, filed on 
9/25/01, attorney docket no. 25791.62, which is a divisional of U.S. patent application serial 
no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124.042. filed on 3/1 1/99, (40) U.S. patent application serial 
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no. 09/962.470, filed on 9/25/01, attorney docket no. 25791.63, which is a divisional of U.S. 
patent application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/11/99, 
(41) U.S. patent application serial no. 09/962,471, filed on 9/25/01 , attorney docket no. 
25791.64, which is a divisional of U.S. patent application serial no. 09/523,468, attorney 
docket no. 25791 .1 1 .02. filed on 3/10/2000, which claims priority from provisional application 
60/124,042. filed on 3/11/99, (42) U.S. patent application serial no. 09/962,467, filed on 
9/25/01 . attorney docket no. 25791 .65, which is a divisional of U.S. patent application serial 
no. 09/523.468. attorney docket no. 25791.11.02. filed on 3/10/2000. which claims priority 
from provisional application 60/124.042, filed on 3/11/99. (43) U.S. patent application serial 
no. 09/962,468. filed on 9/25/01. attorney docket no. 25791.66, which is a divisional of U.S. 
patent application serial no. 09/523.468. attorney docket no. 25791.11.02. filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/11/99, 
(44) PCT application US 02/25727, filed on 8/14/02, attorney docket no. 25791 .67.03, which 
claims priority from U.S. provisional patent application serial no. 60/317,985, attorney docket 
no. 25791.67, filed on 9/6/2001 ..and U.S. provisional patent application serial no. 
60/318,386, attorney docket no. 25791.67.02. filed on 9/10/2001, (45) PCT application US 
02/39425. filed on 12/10/02, attorney docket no. 25791.68.02, which claims priority from 
U.S. provisional patent application serial no. 60/343,674 . attorney docket no. 25791.68, 
filed on 12/27/2001, (46) U.S. utility patent application serial no. 09/969,922. attorney docket 
no. 25791.69, filed on 10/3/2001. which is a continuation-in-part application of U.S. patent 
no. 6,328,113, which was filed as U.S. Patent Application serial number 09/440,338, 
attorney docket number 25791.9.02, filed on 11/15/99, which claims priority from provisional 
application 60/108,558, filed on 11/16/98. (47) U.S. utility patent application serial no. 
10/516.467, attorney docket no. 25791.70, filed on 12/10/01, which is a continuation 
application of U.S. utility patent application serial no. 09/969,922, attorney docket no. 
25791.69. filed on 10/3/2001, which is a continuation-in-part application of U.S. patent no. 
6,328,1 1 3, which was filed as U.S. Patent Application serial number 09/440,338, attorney 
docket number 25791.9.02, filed on 1 1/15/99, which claims priority from provisional 
application 60/108,558, filed on 11/16/98, (48) PCT application US 03/00609, filed on 1/9/03, 
attorney docket no. 25791.71.02, which claims priority from U.S. provisional patent 
application serial no. 60/357.372, attorney docket no. 25791.71, filed on 2/15/02, (49) U.S. 
patent application serial no. 10/074.703, attorney docket no. 25791.74, filed on 2/12/02, 
which is a divisional of U.S. patent number 6,568,471, which was filed as patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, which claims 
priority from provisional application 60/121,841, filed on 2/26/99, (50) U.S. patent application 



4 



WO 2005/0X1803 



PCT/US 2005/004 114 



serial no. 10/074,244, attorney docket no. 25791 .75, filed on 2/12/02, which is a divisional of 
U.S. patent number 6,568,471, which was filed as patent application serial no. 09/512,895, 
attorney docket no. 25791.12.02, filed on 2/24/2000, which claims priority from provisional 
application 60/121,841, filed on 2/26/99, (51) U.S. patent application serial no. 10/076,660, 
attorney docket no. 25791.76, filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (52) U.S. patent application serial no. 10/076,661, attorney 
docket no. 25791.77, filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (53) U.S. patent application serial no. 10/076,659, attorney 
docket no. 25791.78, filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (54) U.S. patent application serial no. 10/078,928, attorney 
docket no. 25791.79, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (55) U.S. patent application serial no. 10/078,922, attorney 
docket no. 25791.80, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (56) U.S. patent application serial no. 10/078,921, attorney 
docket no. 25791.81, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471 , which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (57) U.S. patent application serial no. 10/261,928, attorney 
docket no. 25791.82, filed on 10/1/02, which is a divisional of U.S. patent number 
6,557,640, which was filed as patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137,998, 
filed on 6/7/99, (58) U.S. patent application serial no. 10/079,276 , attorney docket no. 
25791.83, filed on 2/20/02, which is a divisional of U.S. patent number 6,568,471, which was 
filed as patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, which claims priority from provisional application 60/121,841, filed on 2/26/99, 
(59) U.S. patent application serial no. 10/262,009, attorney docket no. 25791.84, filed on 
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10/1/02, which is a divisional of U.S. patent number 6,557.640, which was filed as patent 
application serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, which 
claims priority from provisional application 60/137,998, filed on 6/7/99, (60) U.S. patent 
application serial no. 10/092,481 , attorney docket no. 25791.85. filed on 3/7/02, which is a 
divisional of U.S. patent number 6,568,471, which was filed as patent application serial no. 
09/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000. which claims priority from 
provisional application 60/121,841. filed on 2/26/99, (61) U.S. patent application serial no. 
10/261,926, attorney docket no. 25791.86. filed on 10/1/02, which is a divisional of U.S. 
patent number 6,557.640, which was filed as patent application serial no. 09/588.946, 
attorney docket no. 25791 .17.02, filed on 6/7/2000, which claims priority from provisional 
application 60/137,998. filed on 6/7/99, (62) PCT application US 02/36157, filed on 1 1/12/02. 
attorney docket no. 25791.87.02, which claims priority from U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/01, (63) PCT 
application US 02/36267, filed on 1 1/1 2/02. attorney docket no. 25791 .88.02, which claims 
priority from U.S. provisional patent application serial no. 60/339,013. attorney docket no. 
25791 .88, filed on 1 1/1 2/01 , (64) PCT application US 03/1 1765, filed on 4/16/03, attorney 
docket no. 25791.89.02, which claims priority from U.S. provisional patent application serial 
no. 60/383,917, attorney docket no. 25791.89, filed on 5/29/02, (65) PCT application US 
03/15020, filed on 5/12/03, attorney docket no. 25791.90.02, which claims priority from U.S. 
provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 
6/26/02, (66) PCT application US 02/39418, filed on 12/10/02, attorney docket no. 
25791.92.02, which claims priority from U.S. provisional patent application serial no. 
60/346.309, attorney docket no. 25791.92, filed on 1/7/02. (67) PCT application US 
03/06544. filed on 3/4/03, attorney docket no. 25791 .93.02, which claims priority from U.S. 
provisional patent application serial no. 60/372,048, attorney docket no. 25791.93, filed on 
4/12/02, (68) U.S. patent application serial no. 10/331,718, attorney docket no. 25791.94, 
filed on 12/30/02, which is a divisional U.S. patent application serial no. 09/679,906, filed on 
10/5/00, attorney docket no. 25791.37.02, which claims priority from provisional patent 
application serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (69) 
PCT application US 03/04837, filed on 2/29/03, attorney docket no. 25791.95.02, which 
claims priority from U.S. provisional patent application serial no. 60/363,829, attorney 
docket no. 25791.95, filed on 3/13/02, (70) U.S. patent application serial no. 10/261,927, 
attorney docket no. 25791.97, filed on 10/1/02, which is a divisional of U.S. patent number 
6,557,640, which was filed as patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137,998, 
filed on 6/7/99, (71) U.S. patent application serial no. 10/262,008, attorney docket no. 
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25791.98, filed on 10/1/02, which is a divisional of U.S. patent number 6,557,640, which was 
filed as patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 
6/7/2000, which claims priority from provisional application 60/137,998, filed on 6/7/99, (72) 
U.S. patent application serial no. 10/261,925, attorney docket no. 25791.99, filed on 
10/1/02, which is a divisional of U.S. patent number 6,557,640, which was filed as patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, which 
claims priority from provisional application 60/137,998, filed on 6/7/99, (73) U.S. patent 
application serial no. 10/199,524, attorney docket no. 25791.100, filed on 7/19/02, which is 
a continuation of U.S. Patent Number 6,497,289, which was filed as U.S. Patent Application 
serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, which claims 
priority from provisional application 60/1 1 1,293, filed on 12/7/98, (74) PCT application US 
03/10144, filed on 3/28/03, attorney docket no. 25791.101.02, which claims priority from 
U.S. provisional patent application serial no. 60/372,632, attorney docket no. 25791.101, 
filed on 4/15/02, (75) U.S. provisional patent application serial no. 60/412,542, attorney 
docket no. 25791.102, filed on 9/20/02, (76) PCT application US 03/14153, filed on 5/6/03, 
attorney docket no. 25791.104.02, which claims priority from U.S. provisional patent 
application serial no. 60/380,147, attorney docket no. 25791 .104, filed on 5/6/02, (77) PCT 
application US 03/19993, filed on 6/24/03, attorney docket no. 25791.106.02, which claims 
priority from U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
25791.106, filed on 7/19/02, (78) PCT application US 03/13787, filed on 5/5/03, attorney 
docket no. 25791 .107.02, which claims priority from U.S. provisional patent application 
serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/02, (79) PCT application 
US 03/18530, filed on 6/11/03, attorney docket no. 25791.108.02, which claims priority from 
U.S. provisional patent application serial no. 60/387,961 , attorney docket no. 25791 .108, 
filed on 6/12/02, (80) PCT application US 03/20694, filed on 7/1/03, attorney docket no. 
25791.110.02, which claims priority from U.S. provisional patent application serial no. 
60/398,061, attorney docket no. 25791.110, filed on 7/24/02, (81) PCT application US 
03/20870, filed on 7/2/03, attorney docket no. 25791.111.02, which claims priority from U.S. 
provisional patent application serial no. 60/399,240, attorney docket no. 25791 .1 1 1 , filed on 
7/29/02, (82) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 
25791.112, filed on 9/20/02, (83) U.S. provisional patent application serial no. 60/412,488, 
attorney docket no. 25791 .114, filed on 9/20/02, (84) U.S. patent application serial no. 
10/280,356, attorney docket no. 25791.115, filed on 10/25/02, which is a continuation of 
U.S. patent number 6,470,966, which was filed as patent application serial number 
09/850,093, filed on 5/7/01 , attorney docket no. 25791.55, as a divisional application of U.S. 
Patent Number 6,497,289, which was filed as U.S. Patent Application serial no. 09/454,139, 
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attorney docket no. 25791.03.02, filed on 12/3/1999, which claims priority from provisional 
application 60/111,293, filed on 12/7/98, (85) U.S. provisional patent application serial no. 
60/412,177. attorney docket no. 25791.117, filed on 9/20/02. (86) U.S. provisional patent 
application serial no. 60/412,653. attorney docket no. 25791.118, filed on 9/20/02. (87) U.S. 
provisional patent application serial no. 60/405,610, attorney docket no. 25791.119, filed on 
8/23/02. (88) U.S. provisional patent application serial no. 60/405,394, attorney docket no. 
25791.120. filed on 8/23/02, (89) U.S. provisional patent application serial no. 60/412,544, 
attorney docket no. 25791.121, filed on 9/20/02. (90) PCT application PCT/US2003/024779, 
filed on 8/8/03. attorney docket no. 25791.125.02, which claims priority from U.S. 
provisional patent application serial no. 60/407,442, attorney docket no. 25791.125, filed on 
8/30/02, (91 ) U.S. provisional patent application serial no. 60/423,363. attorney docket no. 
25791.126, filed on 12/10/02, (92) U.S. provisional patent application serial no. 60/412,196, 
attorney docket no. 25791.127, filed on 9/20/02, (93) U.S. provisional patent application 
serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/02, (94) U.S. provisional 
patent application serial no. 60/412,371. attorney docket no. 25791.129, filed on 9/20/02, 
(95) U.S. patent application serial no. 10/382,325. attorney docket no. 25791.145, filed on 
3/5/03. which is a continuation of U.S. patent number 6,557.640, which was filed as patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02. filed on 6/7/2000, which 
claims priority from provisional application 60/137,998, filed on 6/7/99, (96) U.S. patent 
application serial no. 10/624,842, attorney docket no. 25791.151, filed on 7/22/03, which is 
a divisional of U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02, 
filed on 2/10/2000, which claims priority from provisional application 60/1 19,61 1 , filed on 
2/11/99. (97) U.S. provisional patent application serial no. 60/431,184, attorney docket no. 
25791.157. filed on 12/5/02, (98) U.S. provisional patent application serial no. 60/448,526, 
attorney docket no. 25791.185, filed on 2/18/03, (99) U.S. provisional patent application 
serial no. 60/461,539, attorney docket no. 25791 .186. filed on 4/9/03, (100) U.S. provisional 
patent application serial no. 60/462,750, attorney docket no. 25791 .193, filed on 4/14/03, 
(101) U.S. provisional patent application serial no. 60/436,106, attorney docket no. 
25791.200. filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442,942. 
attorney docket no. 25791.213, filed on 1/27/03, (103) U.S. provisional patent application 
serial no. 60/442.938. attorney docket no. 25791.225, filed on 1/27/03, (104) U.S. provisional 
patent application serial no. 60/418,687, attorney docket no. 25791.228, filed on 4/18/03, 
(105) U.S. provisional patent application serial no. 60/454.896, attorney docket no. 
25791.236; filed on 3/14/03. (106) U.S. provisional patent application serial no. 60/450.504, 
attorney docket no. 25791.238. filed on 2/26/03. (107) U.S. provisional patent application 
serial no. 60/451,152. attorney docket no. 25791.239. filed on 3/9/03. (108) U.S. provisional 
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patent application serial no. 60/455,124, attorney docket no. 25791.241, filed on 3/17/03, 
(109) U.S. provisional patent application serial no. 60/453,678, attorney docket no. 
25791.253, filed on 3/11/03, (110) U.S. patent application serial no. 10/421,682, attorney 
docket no. 25791.256, filed on 4/23/03, which is a continuation of U.S. patent application 
serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which claims 
priority from provisional application 60/124,042, filed on 3/11/99, (111) U.S. provisional 
patent application serial no. 60/457,965, attorney docket no. 25791.260, filed on 3/27/03, 
(1 12) U.S. provisional patent application serial no. 60/455,718, attorney docket no. 
25791262, filed on 3/18/03, (113) U.S. patent number 6,550,821, which was filed as patent 
application serial no. 09/811,734, filed on 3/19/01, (114) U.S. patent application serial no. 
10/436,467, attorney docket no. 25791 .268, filed on 5/12/03, which is a continuation of U.S. 
patent number 6,604,763, which was filed as application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, which claims priority from provisional application 
60/131,106, filed on 4/26/99, (115) U.S. provisional patent application serial no. 60/459,776, 
attorney docket no. 25791.270, filed on 4/2/03, (116) U.S. provisional patent application 
serial ho, 60/461,094, attorney docket no. 25791.272, filed on 4/8/03, (117) U.S. provisional 
patent application serial no. 60/461,038, attorney docket no. 25791.273, filed on 4/7/03, 
(118) U.S. provisional patent application serial no. 60/463,586, attorney docket no. 
25791.277, filed on 4/17/03, (119) U.S. provisional patent application serial no. 60/472,240, 
attorney docket no. 25791.286, filed on 5/20/03, (120) U.S. patent application serial no. 
10/619,285, attorney docket no. 25791.292, filed on 7/14/03, which is a continuation-in-part 
of U.S. utility patent application serial no. 09/969,922, attorney docket no. 25791.69, filed on 
10/3/2001, which is a continuation-in-part application of U.S. patent no. 6,328,113, which 
was filed as U.S. Patent Application serial number 09/440,338, attorney docket number 
25791.9.02, filed on 11/15/99, which claims priority from provisional application 60/108,558, 
filed on '11/16/98, and (121) U.S. utility patent application serial no. 10/418,688, attorney 
docket no. 25791.257, which was filed on 4/18/03, as a division of U.S. utility patent 
application serial no. 09/523,468, attorney docket no. 25791.1 1.02, filed on 3/10/2000, which 
claims priority from provisional application 60/124,042, filed on 3/1 1/99, the disclosures of 
which are incorporated herein by reference. 

Background of the Invention 
[003] This invention relates generally to wellbore casings, and in particular to wellbore 
casings that are formed using expandable tubing. 

[004] Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling 
fluid into the formation or inflow of fluid from the formation into the borehole. The borehole is 
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drilled in intervals whereby a casing which is to be installed in a lower borehole interval is 
lowered through a previously installed casing of an upper borehole interval. As a 
consequence of this procedure the casing of the lower interval is of smaller diameter than 
the casing of the upper interval. Thus, the casings are in a nested arrangement with casing 
diameters decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casings from the borehole wall. As 
a consequence of this nested arrangement a relatively large borehole diameter is required at 
the upper part of the wellbore. Such a large borehole diameter involves increased costs due 
to heavy casing handling equipment, large drill bits and increased volumes of drilling fluid 
and drill cuttings. Moreover, increased drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

[005] The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming wellbores. 

Summary of the Invention 
[006) According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including one or more tubular 
members is provided that includes coating the interior surfaces of the tubular members with 
a lubricant, positioning the tubular members within a preexisting structure and radially 
expanding the tubular members within the preexisting structure. 

[007] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure and one or more tubular members radially expanded and 
plastically deformed within the preexisting structure. The tubular members are radially 
expanded and plastically deformed by the process of: coating the interior surfaces of the 
tubular members with a lubricant, positioning the tubular members within the preexisting 
structure, and radially expanding the tubular members within the preexisting structure. 
[008] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including one or more tubular 
members is provided that includes positioning the expandable tubular assembly within a 
preexisting structure, injecting a quantity of a lubricant material into contact with the 
expandable tubular assembly, and radially expanding and plastically deforming the 
expandable tubular assembly within the preexisting structure. 

[009] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure and one or more tubular members radially expanded and 
plastically deformed within the preexisting structure. The tubular members are radially 
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expanded and plastically deformed by the process of: positioning the tubular members within 
the preexisting structure, injecting a quantity of a lubricant material into contact with the 
tubular members, and radially expanding and plastically deforming the tubular members 
within the preexisting structure. 

[0010] According to another aspect of the present invention, a method of radially expanded 
and plastically deforming an expandable tubular assembly including one or more tubular 
members is provided that includes coating the interior surfaces of the tubular members with 
a first part of a lubricant, positioning the tubular members within a preexisting structure, 
circulating a fluidic materia! including a second part of the lubricant into contact with the 
coating of the first part of the lubricant, and radially expanded and plastically deforming the 
tubular members within the preexisting structure. 

[0011] According to another aspect of the present invention, an apparatus is provided that 
includes a preexisting structure and one or more tubular members radially expanded and 
plastically deformed within the preexisting structure. The tubular members are radially 
expanded and plastically deformed within the preexisting structure by the process of: coating 
the interior surfaces of the tubular members with a first part of a lubricant; positioning the 
tubular members within the preexisting structure, circulating fluidic materials having a 
second part of the lubricant into contact with the coating of the first part of the lubricant, and 
radially expanding the tubular members into contact with the preexisting structure. 
[0012] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including a plurality of tubular 
members coupled end to end is provided that includes coating the interior surfaces of the 
tubular members with a lubricant; and radially expanding and plastically deforming the 
tubular members. 

[0013] According to another aspect of the present invention, an apparatus is provided that 
includes a plurality of tubular members coupled end to end and radially expanded and 
plastically deformed by the process of: coating the interior surfaces of the tubular members 
with a lubricant; and radially expanding and plastically deforming the tubular members within 
the preexisting structure. 

[0014] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including a plurality of tubular 
members coupled end to end is provided that includes injecting a quantity of a lubricant 
material into contact with the expandable tubular assembly; and radially expanding and 
plastically deforming the expandable tubular assembly. 

[0015] According to another aspect of the present invention, an apparatus is provided that 
includes a plurality of tubular members coupled end or end and radially expanded and 
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plastically deformed within the preexisting structure by the process of. injecting a quantity of 
a lubricant material into contact with the tubular members; and radially expanding and 
plastically deforming the tubular members. 

[0016] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including a plurality of tubular 
members coupled end to is provided that includes coating the interior surfaces of the tubular 
members with a first part of a lubricant; circulating a fluidic material including a second part 
of the lubricant into contact with the coating of the first part of the lubricant; and radially 
expanding and plastically deforming the tubular members. 

[0017] According to another aspect of the present invention, an apparatus is provided that 
includes a plurality of tubular members coupled end to end and radially expanded and 
plastically deformed by the process of: coating the interior surfaces of the tubular members 
with a first part of a lubricant; circulating a fluidic materials having a second part of the 
lubricant into contact with the coating of the first part of the lubricant; and radially expanding 
and plastically deforming the tubular members. 

[0018] According to another aspect of the present invention, a method of radially expanding 
and plastically deforming an expandable tubular assembly including one or more tubular 
members is provided that includes coating the interior surfaces of the tubular members with 
a first part of a lubricant; circulating a fluidic material including a second part of the lubricant 
into contact with the coating of the first part of the lubricant; and radially expanding and 
plastically deforming the tubular members. 

[0019] According to another aspect of the present invention, an apparatus is provided that 
includes one or more tubular members radially expanded and plastically deformed by the 
process of; coating the interior surfaces of the tubular members with a first part of a 
lubricant; circulating a fluidic materials having a second part of the lubricant into contact with 
the coating of the first part of the lubricant; and radially expanding and plastically deforming 
the tubular members. 

Brief Description of the Drawings 
[0020] Fig. 1 is a flow chart illustrating a preferred embodiment of a method for coupling a 
plurality of tubular members to a preexisting structure. 

[0021] Fig. 2 is cross sectional illustration of a plurality of tubular members including in 
internal coating of a lubricant. 

[0022] Fig. 3 is a fragmentary cross sectional illustration of the radial expansion of the 
tubular members of Fig. 2 into contact with a preexisting structure. 

[0023] Fig. 4 is a flow chart illustrating an alternative preferred embodiment of a method for 
coupling a plurality of tubular members to a preexisting structure. 
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Detailed Description 

[0024] A method and apparatus for coupling tubular members to a preexisting structure is 
provided. The internal surfaces of the tubular members are coated with a lubricant. The 
tubular members are then radially expanded into contact with a preexisting structure. In 
several alternative embodiments, the method and apparatus are used to form and/or repair a 
wellbore casing, a pipeline, or a structural support. 

[0025] In Fig. 1, a preferred embodiment of a method 100 for forming and/or repairing a 
wellbore casing, pipeline, or structural support includes the steps of: (1) providing one or 
more tubular members in step 105; (2) applying a lubricant coating to the interior walls of the 
tubular members in step 110; (3) coupling the first and second tubular members in step 115; 
and (4) radially expanding the tubular members into contact with the preexisting structure in 
step 120. 

[0026] As illustrated in Fig. 2, in a preferred embodiment, in step 105, a first tubular member 
205 having a first threaded portion 210 and a second tubular member 215 having a second 
threaded portion 220 are provided. The first and second tubular members, 205 and 215, 
may be any number of conventional commercially available tubular members. In a preferred 
embodiment, the first tubular member 205 includes a recess 225 containing a sealing 
member 230 and a retaining ring 235. In a preferred embodiment, the first and second 
tubular members, 205 and 210, are further provided substantially as disclosed in one or 
more of the following co-pending applications: (1) U.S. Patent Number 6,497,289, which was 
filed as U.S. Patent Application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
on 12/3/1999, which claims priority from provisional application 60/11 1,293, filed on 12/7/98, 
(2) U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, which claims priority from provisional application 60/121,702, filed on 2/25/99, (3) 
U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, which claims priority from provisional application 60/1 19,61 1 , filed on 2/1 1/99, (4) 
U.S. patent no. 6,328,1 13, which was filed as U.S. Patent Application serial number 
09/440,338, attorney docket number 25791.9.02, filed on 11/15/99, which claims priority 
from provisional application 60/108,558, filed on 11/16/98, (5) U.S. patent application serial 
no. 10/169,434, attorney docket no. 25791.10.04, filed on 7/1/02, which claims priority from 
provisional application 60/183,546, filed on 2/18/00, (6) U.S. patent application serial no. 
09/523,468, attorney docket no. 25791.1 1.02, filed on 3/10/2000, which claims priority from 
provisional application 60/124,042, filed on 3/11/99, (7) U.S. patent number 6,568,471, 
which was filed as patent application serial no. 09/512,895, attorney docket no. 25791.12.02, 
filed on 2/24/2000, which claims priority from provisional application 60/121,841, filed on 
2/26/99, (8) U.S. patent number 6,575,240, which was filed as patent application serial no. 
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09/51 1 ,941 . attorney docket no. 25791 .16.02. filed on 2/24/2000, which claims priority from 
provisional application 60/121,907. filed on 2/26/99, (9) U.S. patent number 6,557.640, 
which was filed as patent application serial no. 09/588.946, attorney docket no. 25791 .1 7.02. 
filed on 6/7/2000, which claims priority from provisional application 60/137,998, filed on 
6/7/99, (10) U.S. patent application serial no. 09/981,916, attorney docket no.. 25791 .18. filed 
on 10/18/01 as a continuation-in-part application of U.S. patent no. 6,328.113, which was 
filed as U.S. Patent Application serial number 09/440,338, attorney docket number 
25791.9.02. filed on 1 1/15/99, which claims priority from provisional application 60/108,558, 
filed on 1 1/16/98. (11) U.S. patent number 6.604,763, which was filed as application serial 
no. 09/559,122. attorney docket no. 25791.23.02. filed on 4/26/2000, which claims priority 
from provisional application 60/131,106, filed on 4/26/99. (12) U.S. patent application serial 
no. 10/030,593, attorney docket no. 25791.25.08, filed on 1/8/02, which claims priority from 
provisional application 60/146,203, filed on 7/29/99, (13) U.S. provisional patent application 
serial no. 60/143,039, attorney docket no. 25791.26, filed on 7/9/99, (14) U.S. patent 
application serial no. 10/111.982. attorney docket no. 25791.27.08. filed on 4/30/02, which 
claims priority from provisional patent application serial no. 60/162.671 . attorney docket no. 
25791 .27, filed on 1 1/1/1999, (15) U.S. provisional patent application serial no. 60/154,047, 
attorney docket no. 25791.29, filed on 9/16/1999, (16) U.S. provisional patent application 
serial no. 60/438,828, attorney docket no. 25791.31, filed on 1/9/03, (17) U.S. patent number 
6,564,875, which was filed as application serial no. 09/679,907, attorney docket no. 
25791.34.02, on 10/5/00, which claims priority from provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (18) U.S. patent application 
serial no. 10/089,419, filed on 3/27/02, attorney docket no. 25791.36.03, which claims 
priority from provisional patent application serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (19) U.S. patent application serial no. 09/679,906, filed on 
10/5/00, attorney docket no. 25791.37.02, which claims priority from provisional patent 
application serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (20) 
U.S. patent application serial no. 10/303,992, filed on 1 1/22/02. attorney docket no. 
25791.38.07, which claims priority from provisional patent application serial no. 60/212,359, 
attorney docket no. 25791.38, filed on 6/19/2000, (21) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (22) U.S. 
provisional patent application serial no. 60/455,051 , attorney docket no. 25791.40, filed on 
3/14/03, (23) PCT application US02/2477, filed on 6/26/02. attorney docket no. 25791.44.02. 
which claims priority from U.S. provisional patent application serial no. 60/303,71 1 , attorney 
docket no. 25791.44, filed on 7/6/01, (24) U.S. patent application serial no. 10/311,412, filed 
on 12/12/02. attorney docket no. 25791 .45.07. which claims priority from provisional patent 
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application serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (25) U.S. 
patent application serial no. 10/, filed on 12/18/02, attorney docket no. 25791.46.07, which 
claims priority from provisional patent application serial no. 60/221,645, attorney docket no. 
25791.46, filed on 7/28/2000, (26) U.S. patent application serial no. 10/322,947, filed on 
1/22/03, attorney docket no. 25791.47.03, which claims priority from provisional patent 
application serial no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (27) U.S. 
patent application serial no. 10/406,648, filed on 3/31/03, attorney docket no. 25791.48.06, 
which claims priority from provisional patent application serial no. 60/237,334, attorney 
docket no. 25791 .48, filed on 10/2/2000, (28) PCT application US02/04353, filed on 2/14/02, 
attorney docket no. 25791.50.02, which claims priority from U.S. provisional patent 
application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (29) U.S. 
patent application serial no. 10/465,835, filed on 6/13/03, attorney docket no. 25791.51.06, 
which claims priority from provisional patent application serial no. 60/262,434, attorney 
docket no. 25791,51, filed on 1/17/2001, (30) U.S. patent application serial no. 10/465,831, 
filed on 6/13/03, attorney docket no. 25791 .52.06, which claims priority from U.S. 
provisional patent application serial no. 60/259,486, attorney docket no. 25791.52, filed on 
1/3/2001, (31) U.S. provisional patent application serial no. 60/452,303, filed on 3/5/03, 
attorney docket no. 25791.53, (32) U.S. patent number 6,470,966, which was filed as patent 
application serial number 09/850,093, filed on 5/7/01, attorney docket no. 25791.55, as a 
divisional application of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
Application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, which 
claims priority from provisional application 60/111,293, filed on 12/7/98, (33) U.S. patent 
number 6,561,227, which was filed as patent application serial number 09/852,026 , filed on 
5/9/01, attorney docket no. 25791.56, as a divisional application of U.S. Patent Number 
6,497,289, which was filed as U.S. Patent Application serial no. 09/454,139, attorney docket 
no. 25791.03.02, filed on 12/3/1999, which claims priority from provisional application 
60/1 1 1 ,293, filed on 1 2/7/98, (34) U.S. patent application serial number 09/852,027, filed on 
5/9/01 , attorney docket no. 25791 .57, as a divisional application of U.S. Patent Number 
6,497,289, which was filed as U.S. Patent Application serial no. 09/454,139, attorney docket 
no. 25791.03.02, filed on 12/3/1999, which claims priority from provisional application 
60/1 1 1 ,293, filed on 12/7/98, (35) PCT Application US02/25608, attorney docket no. 
25791.58.02, filed on 8/13/02, which claims priority from provisional application 60/318,021, 
filed on 9/7/01, attorney docket no. 25791.58, (36) PCT Application US02/24399, attorney 
docket no. 25791.59.02, filed on 8/1/02, which claims priority from U.S. provisional patent 
application serial no. 60/313,453, attorney docket no. 25791.59, filed on 8/20/2001 , (37) PCT 
Application US02/29856, attorney docket no. 25791.60.02, filed on 9/19/02, which claims 
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priority from U.S. provisional patent application serial no. 60/326.886, attorney docket no. 
25791 .60, filed on 10/3/2001 . (38) PCT Application US02/20256, attorney docket no. 
25791.61.02, filed on 6/26/02. which claims priority from U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001. (39) U.S. patent 
application serial no. 09/962.469, filed on 9/25/01 . attorney docket no. 25791 .62. which is a 
divisional of U.S. patent application serial no. 09/523,468. attorney docket no. 25791.11.02. 
filed on 3/10/2000. which claims priority from provisional application 60/124.042. filed on 
3/1 1/99. (40) U.S. patent application serial no. 09/962.470. filed on 9/25/01 . attorney docket 
no. 25791 .63. which is a divisional of U.S. patent application serial no. 09/523,468. attorney 
docket no. 25791.11.02. filed on 3/1 0/2000.- which claims priority from provisional application 
60/124,042. filed on 3/11/99. (41) U.S. patent application serial no. 09/962,471 . filed on 
9/25/01 1, attorney docket no. 25791 .64, which is a divisional of U.S. patent application serial 
no. 09/523,468. attorney docket no. 25791.11.02. filed on 3/10/2000. which claims priority 
from provisional application 60/124.042. filed on 3/11/99. (42) U.S. patent application serial 
no. 09/962.467. filed on 9/25/01. attorney docket no. 25791.65. which is a divisional of U.S. 
patent application serial no. 09/523,468. attorney docket no. 25791.11.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042. filed on 3/11/99. 
. (43) U.S. patent application serial no. 09/962,468, filed on 9/25/01. attorney docket no. 
25791.66, which is a divisional of U.S. patent application serial no. 09/523.468. attorney 
docket no. 25791.11.02. filed on 3/10/2000. which claims priority from provisional application 
60/124,042. filed on 3/11/99. (44) PCT application US 02/25727, filed on 8/14/02. attorney 
docket no. 25791.67.03. which claims priority from U.S. provisional patent application serial 
no. 60/317.985. attorney docket no. 25791.67, filed on 9/6/2001. and U.S. provisional patent 
application serial no. 60/318.386. attorney docket no. 25791.67.02, filed on 9/10/2001. (45) 
PCT application US 02/39425. filed on 12/10/02. attorney docket no. 25791.68.02. which 
claims priority from U.S. provisional patent application serial no. 60/343.674, attorney 
docket no. 25791.68, filed on 12/27/2001, (46) U.S. utility patent application serial no. 
09/969,922, attorney docket no. 25791.69, filed on 10/3/2001, which is a continuation-in-part 
application of U.S. patent no. 6.328,113, which was filed as U.S. Patent Application serial 
number 09/440,338, attorney docket number 25791 .9.02, filed on 1 1/1 5/99, which claims 
priority from provisional application 60/108,558, filed on 11/16/98, (47) U.S. utility patent 
application serial no. 10/516,467, attorney docket no. 25791.70, filed on 12/10/01. which is a 
continuation application of U.S. utility patent application serial no. 09/969,922. attorney 
docket no. 25791.69, filed on 10/3/2001, which is a continuation-in-part application of U.S. 
patent no. 6,328.1 13. which was filed as U.S. Patent Application serial number 09/440.338. 
attorney docket number 25791.9.02, filed on 11/15/99, which claims priority from provisional 



16 



WO 20115/08 1803 



PCT/US2005/004I14 



application 60/108,558, filed on 11/16/98, (48) PCT application US 03/00609, filed on 1/9/03, 
attorney docket no. 25791.71.02, which claims priority from U.S. provisional patent 
application serial no. '60/357,372, attorney docket no. 25791.71, filed on 2/15/02, (49) U.S. 
patent application serial no. 10/074,703, attorney docket no. 25791.74, filed on 2/12/02, 
which is a divisional of U.S. patent number 6,568,471, which was filed as patent application 
serial no. 09/512,895, attorney docket no. 25791. 12.02, filed on 2/24/2000, which claims 
priority from provisional application 60/121,841, filed on 2/26/99, (50) U.S. patent application 
serial no. 10/074,244, attorney docket no. 25791.75, filed on 2/12/02, which is a divisional of 
U.S. patent number 6,568,471, which was filed as patent application serial no. 09/512,895, 
attorney docket no. 25791.12.02, filed on 2/24/2000, which claims priority from provisional 
application 60/121,841, filed on 2/26/99, (51) U.S. patent application serial no. 10/076,660, 
attorney docket no. 25791.76, filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471 , which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (52) U.S. patent application. serial no. 10/076,661, attorney 
docket no. 25791 .77, filed on 2/1 5/02, which is a divisional of U.S. patent number 
6,568,471 , which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (53) U.S. patent application seriaf no. 10/076,659, attorney 
docket no. 25791.78, filed on 2/15/02, which is a divisional of U.S. patent number 
6,568,471 , which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121 ,841 , filed on 2/26/99, (54) U.S. patent application serial no. 10/078,928, attorney 
docket no. 25791.79, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471 , which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121 ,841 , filed on 2/26/99, (55) U.S. patent application serial no. 10/078,922, attorney 
docket no. 25791.80, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (56) U.S. patent application serial no. 10/078,921, attorney 
docket no. 25791.81, filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121 ,841, filed on 2/26/99, (57) U.S. patent application serial no. 10/261,928, attorney 
docket no. 25791.82, filed on 10/1/02, which is a divisional of U.S. patent number 
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6,557.640. which was filed as patent application serial no. 09/588.946, attorney docket no. 
25791.17.02. filed on 6/7/2000, which claims priority from provisional application 60/137.998, 
filed on 6/7/99. (58) U.S. patent application serial no. 10/079.276. attorney docket no. 
25791.83. filed on 2/20/02. which is a divisional of U.S. patent number 6,568,471, which was 
filed as patent application serial no. 09/512,895, attorney docket no. 25791.12.02. filed on 
2/24/2000, which claims priority from provisional application 60/121.841, filed on 2/26/99, 
(59) U.S. patent application serial no. 10/262,009. attorney docket no. 25791.84. filed on 
10/1/02, which is a divisional of U.S. patent number 6,557,640. which was filed as patent 
application serial no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. which 
claims priority from provisional application 60/137,998. filed on 6/7/99. (60) U.S. patent 
application serial no. 10/092.481. attorney docket no. 25791.85, filed on 3/7/02. which is a 
divisional of U.S. patent number 6.568.471. which was filed as patent application serial no. 
09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000. which claims priority from 
provisional application 60/121,841. filed on 2/26/99. (61) U.S. patent application serial no. 
10/261.926, attorney docket no. 25791.86, filed on 10/1/02, which is a divisional of U.S. 
patent number 6,557,640. which was filed as patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02. filed on 6/7/2000, which claims priority from provisional 
application 60/137.998, filed on 6/7/99, (62) PCT application US 02/36157. filed on 11/12/02. 
attorney docket no. 25791.87.02, which claims priority from U.S. provisional patent 
application serial no. 60/338.996, attorney docket no. 25791.87. filed on 11/12/01, (63) PCT 
application US 02/36267, filed on 11/12/02, attorney docket no. 25791.88.02, which claims 
priority from U.S. provisional patent application serial no. 60/339,013, attorney docket no. 
25791.88, filed on 11/12/01, (64) PCT application US 03/11765, filed on 4/16/03, attorney 
docket no. 25791.89.02, which claims priority from U.S. provisional patent application serial 
no. 60/383.917, attorney docket no. 25791.89. filed on 5/29/02. (65) PCT application US 
03/15020, filed on 5/12/03, attorney docket no. 25791.90.02. which claims priority from U.S. 
provisional patent application serial no. 60/391,703, attorney docket no. 25791.90. filed on 
6/26/02. (66) PCT application US 02/39418. filed on 12/10/02, attorney docket no. 
25791.92.02, which claims priority from U.S. provisional patent application serial no. 
60/346,309, attorney docket no. 25791.92, filed on 1/7/02, (67) PCT application US 
03/06544, filed on 3/4/03, attorney docket no. 25791 .93.02. which claims priority from U.S. 
provisional patent application serial no. 60/372,048, attorney docket no. 25791.93. filed on 
4/12/02, (68) U.S. patent application serial no. 10/331,718, attorney docket no. 25791.94, 
filed on 12/30/02. which is a divisional U.S. patent application serial no. 09/679,906, filed on 
10/5/00, attorney docket no. 25791.37.02. which claims priority from provisional patent 
application serial no. 60/159.033, attorney docket no. 25791.37, filed on 10/12/1999, (69) 
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PCT application US 03/04837, filed on 2/29/03, attorney docket no. 25791.95.02. which 
claims priority from U.S. provisional patent application serial no. 60/363,829, attorney 
docket no. 25791.95, filed on 3/13/02, (70) U.S. patent application serial no. 10/261,927, 
attorney docket no. 25791 .97, filed on 10/1/02, which is a divisional of U.S. patent number 
6,557,640, which was filed as patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137,998, 
filed on 6/7/99, (71) U.S. patent application serial no. 10/262,008, attorney docket no. 
25791.98, filed on 10/1/02, which is a divisional of U.S. patent number 6,557,640, which was 
filed as patent application serial no. 09/588.946. attorney docket no. 25791.17.02, filed on 
6/7/2000. which claims priority from provisional application 60/137,998. filed on 6/7/99. (72) 
U.S. patent application serial no. 10/261.925, attorney docket no. 25791.99. filed on 
10/1/02, which is a divisional of U.S. patent number 6,557.640, which was filed as patent 
application serial no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000, which 
claims priority from provisional application 60/137.998. filed on 6/7/99, (73) U.S. patent 
application serial no. 10/199,524, attorney docket no. 25791.100, filed on 7/19/02, which is 
a continuation of U.S. Patent Number 6,497,289, which was filed as U.S. Patent Application 
serial no. 09/454.139, attorney docket no. 25791.03.02, filed on 12/3/1999. which claims 
priority from provisional application 60/1 1 1 ,293, filed on 12/7/98, (74) PCT application US 
03/10144, filed on 3/28/03. attorney docket no. 25791 .101 .02, which claims priority from 
U.S. provisional patent application serial no. 60/372.632, attorney docket no. 25791.101, 
filed on 4/15/02, (75) U.S. provisional patent application serial no. 60/412,542, attorney 
docket no. 25791.102, filed on 9/20/02, (76) PCT application US 03/14153, filed on 5/6/03, 
attorney docket no. 25791 .104.02, which claims priority from U.S. provisional patent 
application serial no. 60/380,147. attorney docket no. 25791.104, filed on 5/6/02. (77) PCT 
application US 03/19993, filed on 6/24/03, attorney docket no. 25791.106.02, which claims 
priority from U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
25791.106, filed on 7/19/02. (78) PCT application US 03/13787, filed on 5/5/03, attorney 
docket no. 25791 .107.02, which claims priority from U.S. provisional patent application 
serial no. 60/387,486. attorney docket no. 25791.107, filed on 6/10/02, (79) PCT application 
US 03/18530, filed on 6/11/03, attorney docket no. 25791.108.02, which claims priority from 
U.S. provisional patent application serial no. 60/387,961. attorney docket no. 25791.108, 
filed on 6/12/02, (80) PCT application US 03/20694, filed on 7/1/03, attorney docket no. 
25791.110.02, which claims priority from U.S. provisional patent application serial.no. 
60/398,061, attorney docket no. 25791.1 10, filed on 7/24/02, (81) PCT application US 
03/20870, filed on 7/2/03. attorney docket no. 25791 .1 1 1 .02. which claims priority from U.S. 
provisional patent application serial no. 60/399,240. attorney docket no. 25791 .1 1 1 , filed on 
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7/29/02 (82) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 
25791 112 filed on 9/20/02. (83) U.S. provisional patent application serial no. 60/412.488, 
attorney docket no. 25791.114. filed on 9/20/02. (84) U.S. patent application serial no. 
10/280 356, attorney docket no. 25791.115. filed on 10/25/02, which is a continuat.on of 
U S patent number 6,470,966, which was filed as patent application serial number 
09/850 093, filed on 5/7/01 , attorney docket no. 25791 .55, as a divisional application of U.S. 
Patent Number 6.497.289, which was filed as U.S. Patent Application serial no. 09/454.139, 
attorney docket no. 25791 .03.02, filed on 12/3/1999. which claims priority from provis.onal 
application 60/111 .293, filed on 12/7/98, (85) U.S. provisional patent application serial no. 
60/412 177 attorney docket no. 25791.1 17. filed on 9/20/02, (86) U.S. provisional patent 
application serial no. 60/412.653. attorney docket no. 25791.118. filed on 9/20/02. (87) U.S. 
provisional patent application serial no. 60/405,610. attorney docket no. 25791.119. filed on 
8/23/02, (88) U.S. provisional patent application serial no. 60/405.394. attorney docket no. 
25791 120 filed on 8/23/02, (89) U.S. provisional patent application serial no. 60/412,544, 
attorney docket no. 25791.121, filed on 9/20/02, (90) PCT application PCT/US2003/024779, 
filed on 8/8/03, attorney docket no. 25791.125.02, which claims priority from U.S. 
provisional patent application serial no. 60/407.442, attorney docket no. 25791.125. filed on 
8/30/02, (91) U.S. provisional patent application serial no. 60/423.363. attorney docket no. 
25791.126. filed on 12/10/02, (92) U.S. provisional patent application serial no. 60/412,196. 
attorney docket no. 25791 .127. filed on 9/20/02. (93) U.S. provisional patent application 
serial no. 60/412.187. attorney docket no. 25791.128, filed on 9/20/02, (94) U.S. provisional 
patent application serial no. 60/41 2,371 , attorney docket no. 25791 .129, filed on 9/20/02. 
(95) U.S. patent application serial no. 10/382.325. attorney docket no. 25791.145, filed on 
3/5/03 which is a continuation of U.S. patent number 6,557,640, which was filed as patent 
application serial no. 09/588.946. attorney docket no. 25791.17.02. filed on 6/7/2000. which 
claims priority from provisional application 60/137,998. filed on 6/7/99, (96) U.S. patent 
application serial no. 10/624,842, attorney docket no. 25791.151 . filed on 7/22/03, which is 
a divisional of U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02. 
filed on 2/10/2000, which claims priority from provisional application 60/119,611, filed on 
2/11/99, (97) U.S. provisional patent application serial no. 60/431,184, attorney docket no. 
25791.157, filed on 12/5/02, (98) U.S. provisional patent application serial no. 60/448,526, 
attorney docket no. 25791 .185, filed on 2/18/03, (99) U.S. provisional patent application 
serial no. 60/461,539. attorney docket no. 25791.186. filed on 4/9/03, (100) U.S. provisional 
patent application serial no. 60/462,750, attorney docket no. 25791 .193, filed on 4/14/03, 
(101) U.S. provisional patent application serial no. 60/436,106. attorney docket no. 
25791.200, filed on 12/23/02. (102) U.S. provisional patent application serial no. 60/442,942, 
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attorney docket no. 25791 1 213, filed on 1/27/03, (103) U.S. provisional patent application 
serial no. 60/442,938, attorney docket no. 25791.225, filed on 1/27/03, (104) U.S. provisional 
patent application serial no. 60/418,687, attorney docket no. 25791.228, filed on 4/18/03, 
(105) U.S. provisional patent application serial no. 60/454,896, attorney docket no. 
25791 .236, filed on 3/14/03, (106) U.S. provisional patent application serial no. 60/450,504, 
attorney docket no. 25791.238, filed on 2/26/03, (107) U.S. provisional patent application 
serial no. 60/451,152, attorney docket no. 25791.239, filed on 3/9/03, (108) U.S. provisional 
patent application serial no. 60/455,124, attorney docket no. 25791.241, filed on 3/17/03, 
(109) U.S. provisional patent application serial no. 60/453,678, attorney docket no. 
25791.253, filed on 3/11/03, (110) U.S. patent application serial no. 10/421,682, attorney 
docket no. 25791.256, filed on 4/23/03, which is a continuation of U.S. patent application 
serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which claims 
priority from provisional application 60/124,042, filed on 3/1 1/99, (111) U.S. provisional 
patent application serial no. 60/457,965, attorney docket no. 25791.260, filed on 3/27/03, 
(112) U.S. provisional patent application serial no. 60/455,718, attorney docket no. 
25791.262, filed on 3/18/03, (113) U.S. patent number 6,550,821, which was filed as patent 
application serial no. 09/811,734, filed on 3/19/01, (114) U.S. patent application serial no. 
10/436,467, attorney docket no. 25791.268, filed on 5/12/03, which is a continuation of U.S. 
patent number 6,604,763, which was filed as application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, which claims priority from provisional application 
60/131,106, filed on 4/26/99, (115) U.S. provisional patent application serial no. 60/459,776, 
attorney docket no. 25791.270, filed on 4/2/03, (116) U.S. provisional patent application 
serial no. 60/461,094, attorney docket no. 25791.272, filed on 4/8/03, (117) U.S. provisional 
patent application serial no. 60/461,038, attorney docket no. 25791.273, filed on 4/7/03, 
(1 18) U.S. provisional patent application serial no. 60/463,586, attorney docket no. 
25791.277, filed on 4/17/03, (119) U.S. provisional patent application serial no. 60/472,240, 
attorney docket no. 25791.286, filed on 5/20/03, (120) U.S. patent application serial no. 
10/619,285, attorney docket no. 25791.292, filed on 7/14/03, which is a continuation-in-part 
of U.S. utility patent application serial no. 09/969,922, attorney docket no. 25791.69, filed on 
10/3/2001, which is a continuation-in-part application of U.S. patent no. 6,328,1 13, which 
was filed as U.S. Patent Application serial number 09/440,338, attorney docket number 
25791.9.02. filed on 11/15/99, which claims priority from provisional application 60/108,558, 
filed on 11/16/98, and (121) U.S. utility patent application serial no. 10/418,688, attorney 
docket no. 25791.257, which was filed on 4/18/03, as a division of U.S. utility patent 
application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which 
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claims priority from provisional application 60/124.042. filed on 3/11/99. the disclosures of 
which are incorporated herein by reference. 

[0027] In a preferred embodiment, in step 110. a coating 240 of a lubricant is applied to the 
interior surfaces of the first and second tubular members. 205 and 215. The coating 240 of 
lubricant may be applied prior to. or after, the first and second tubular members. 205 and 
215. are coupled. The coating 240 of lubricant may be applied using any number of 
conventional methods such as. for example, dipping, spraying, sputter coating or 
electrostatic deposition. In a preferred embodiment, the coating 240 of lubricant is 
chemically, mechanically, and/or adhesively bonded to the interior surfaces of the first and 
second tubular members, 205 and 215, in order- to optimally provide a durable and 
consistent lubricating effect. In a preferred embodiment, the force that bonds the lubricant to 
the interior surfaces of the first and second tubular members. 205 and 215. is greater than 
the shear force applied during the radial expansion process. 

[0028] In a preferred embodiment, the coating 240 of lubricant is applied to the interior 
surfaces of the first and second tubular members, 205 and 215, by first applying a phenolic 
primer to the interior surfaces of the first and second tubular members, 205 and 215, and 
then bonding the coating 240 of lubricant to the phenolic primer using an antifriction paste 
having the coating 240 of lubricant carried in an epoxy resin. In a preferred embodiment, the 
antifriction paste includes, by weight, 40-80% epoxy resin, 15-30% molybdenum disulfide. 
10-15% graphite, 5-10% aluminum. 5-10% copper, 8-15% alumisilicate, and 5-10% 
polyethylenepolyamine. In a preferred embodiment, the antifriction paste is provided 
substantially as disclosed in U.S. Patent No. 4,329,238, the disclosure of which is 
incorporate herein by reference. 

[00291 The coating 240 of lubricant may be any number of conventional commercially 
available lubricants such as, for example, metallic soaps or zinc phosphates. In a preferred 
embodiment, the coating 240 of lubricant is compatible with conventional water, oil and 
synthetic base mud formulations. In a preferred embodiment, the coating 240 of lubricant 
reduces metal-to-metal frictional forces, operating pressures, reduces frictional forces by 
about 50%, and provides a coefficient of dynamic friction of between about 0.08 to 0.1 during 
the radial expansion process. In a preferred embodiment, the coating 240 of lubricant does 
not increase the toxicity of conventional base mud formulations and will not sheer in 
synthetic mud. In a preferred embodiment, the coating 240 of lubricant is stable for 
temperatures ranging from about -100 to 500 °F. In a preferred embodiment, the coating 
240 of lubricant is stable when exposed to shear stresses. In a preferred embodiment, the 
coating 240 of lubricant is stable for storage periods of up to about 5 years. In a preferred 
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embodiment, the coating 240 of lubricant provides corrosion protection for expandable 
tubular members during storage and transport. 

[0030] In a preferred embodiment, the coating 240 of lubricant includes sodium, calcium, 
and/or zinc stearates; and/or zinc and/or manganese phosphates; and/or C-Lube-10; and/or 
C-Phos-58-M; and/or C-Phos-58-R; and/or polytetrafluoroethylene (PTFE); and/or 
molybdenum disulfide; and/or metallic soaps (stearates. oleates, etc ...) in order to optimally 
provide a coating of lubricant. In a preferred embodiment, the coating 240 of lubricant 
provides a sliding coefficient of friction less than about 0.20 in order to optimally reduce the 
force required to radially expand the tubular members. 205 and 215. using an expansion 
cone. 

[0031] In a preferred embodiment, in step 115, the first and second tubular members. 205 
and 215, are coupled. The first and second tubular members, 205 and 215, may be coupled 
using a threaded connection, or. alternatively, the first and second tubular members. 205 
and 215. may be coupled by welding or brazing. In a preferred embodiment, the first and 
second tubular members, 205 and 215, are coupled substantially as disclosed in provisional 
patent application serial number 60/159.033, attorney docket number 25791.37, filed on 
October 12, 1999, the disclosure of which is incorporated herein by reference. 
[0032] As illustrated in Fig. 3, in steps 120. the first and second tubular members 205 and 
215 are then positioned within a preexisting structure 505, and radially expanded into 
contact with the interior walls of the preexisting structure 505 using an expansion cone 510. 
The tubular members 205 and 215 may be radially expanded into intimate contact with the 
interior walls of the preexisting structure 505, for example, by: (1) pushing or pulling the 
expansion cone 510 through the interior of the tubular members 205 and 215; and/or (2) 
pressurizing the region within the tubular members 205 and 215 behind the expansion cone 
510 with a fluid. In a preferred embodiment, one or more sealing members 515 are further 
provided on the outer surface of the tubular members 205 and 215, in order to optimally seal 
the interface between the radially expanded tubular members 205 and 215 and the interior 
walls of the preexisting structure 505. 

[0033] In a preferred embodiment, the radial expansion of the tubular members 205 and 215 
into contact with the interior walls of the preexisting structure 505 is performed substantially 
as disclosed in one or more of the following co-pending patent applications: (1 ) U.S. Patent 
Number 6,497,289, which was filed as U.S. Patent Application serial no. 09/454,139, 
attorney docket no. 25791.03.02. filed on 12/3/1999. which claims priority from provisional 
application 60/111.293. filed on 12/7/98, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, which claims priority from provisional 
application 60/121,702, filed on 2/25/99, (3) U.S. patent application serial no. 09/502,350, 
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attorney docket no. 25791.8.02, filed on 2/10/2000, which claims priority from provisional 
application 60/119,611, filed on 2/11/99, (4) U.S. patent no. 6.328.113, which was filed as 
U S. Patent Application serial number 09/440.338. attorney docket number 25791 .9.02, f.led 
on 11/15/99, which claims priority from provisional application 60/108.558. filed on 11/16/98. 
(5) U.S. patent application serial no. .10/169.434. attorney docket no. 25791 .10.04. filed on 
7/1/02. which claims priority from provisional application 60/183.546. filed on 2/18/00. (6) 
U.S. patent application serial no. 09/523.468, attorney docket no. 25791.11.02, filed on 
3/10/2000, which claims priority from provisional application 60/124.042, filed on 3/1 1/99. (7) 
U.S. patent number 6.568.471, which was filed as patent application serial no. 09/512.895, 
attorney docket no. 25791.12.02. filed on 2/24/2000. which claims priority from provisional 
application 60/1 21 .841 . filed on 2726/99. (8) U.S. patent number 6.575.240. which was filed 
as patent application serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02. filed on 
2/24/2000. which claims priority from provisional application 60/121.907. filed on 2/26/99. (9) 
U.S. patent number 6,557.640, which was filed as patent application serial no. 09/588.946, 
attorney docket no. 25791 . 1 7.02. filed on 6/7/2000. which claims priority from provisional 
application 60/137.998. filed on 6/7/99, (10) U.S. patent application serial no. 09/981.916. 
attorney docket no. 25791 .18. filed on 10/18/01 as a continuation-in-part application of U.S. 
patent no. 6.328,1 13. which was filed as U.S. Patent Application serial number 09/440,338, 
attorney docket number 25791 .9.02. filed on 1 1/15/99, which claims priority from provisional 
application 60/108,558, filed on 11/16/98. (11) U.S. patent number 6,604.763, which was 
filed as application serial no. 09/559,122. attorney docket no. 25791.23.02, filed on 
4/26/2000, which claims priority from provisional application 60/131.106, filed on 4/26/99, 
(12) U.S. patent application serial no. 10/030,593. attorney docket no. 25791 .25.08. filed on 
1/8/02. which claims priority from provisional application 60/146.203. filed on 7/29/99. (13) 
U.S. provisional patent application serial no. 60/143,039, attorney docket no. 25791.26. filed 
on 7/9/99. (14) U.S. patent application serial no. 10/111.982, attorney docket no. 
25791.27.08, filed on 4/30/02, which claims priority from provisional patent application serial 
no. 60/162.671. attorney docket no. 25791.27. filed on 1 1/1/1999. (15) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no. 25791.29, filed on 9/16/1999, 
(16) U.S. provisional patent application serial no. 60/438.828, attorney docket no. 25791.31 . 
filed on 1/9/03, (17) U.S. patent number 6,564,875, which was filed as application serial no. 
09/679.907, attorney docket no. 25791.34.02, on 10/5/00, which claims priority from 
provisional patent application serial no. 60/159,082. attorney docket no. 25791.34, filed on 
10/12/1999. (18) U.S. patent application serial no. 10/089,419, filed on 3/27/02, attorney 
docket no. 25791.36.03, which claims priority from provisional patent application serial no. 
60/159.039. attorney docket no. 25791.36, filed on 10/12/1999, (19) U.S. patent application 
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serial no. 09/679,906, filed on 10/5/00. attorney docket no. 25791.37.02, which claims 
priority from provisional patent application serial no. 60/159,033, attorney docket no. 
25791-37, filed on 10/12/1999, (20) U.S. patent application serial no. 10/303,992, filed on 
1 1 /22/02, attorney docket no. 25791 .38.07, which claims priority from provisional patent 
application serial no. 60/212,359, attorney docket no. 25791.38. filed on 6/19/2000. (21) U.S. 
provisional patent application serial no. 60/165,228. attorney docket no. 25791.39. filed on 
11/12/1999, (22) U.S. provisional patent application serial no. 60/455,051, attorney docket 
no. 25791.40. filed on 3/14/03. (23) PCT application US02/2477, filed on 6/26/02, attorney 
docket no. 25791.44.02, which claims priority from U.S. provisional patent application serial 
no. 60/303.711. attorney docket no. 25791.44, filed on 7/6/01, (24) U.S. patent application 
serial no. 10/311.412. filed on 12/12/02. attorney docket no. 25791.45.07, which claims 
priority from provisional patent application serial no. 60/221,443, attorney docket no. 
25791.45. filed on 7/28/2000, (25) U.S. patent application serial no. 10/, filed on 12/18/02. 
attorney docket no. 25791 .46.07, which claims priority from provisional patent application 
serial no. 60/221,645. attorney docket no. 25791.46. filed on 7/28/2000. (26) U.S. patent 
application serial no. 10/322.947, filed on 1/22/03. attorney docket no. 25791 .47.03. which 
claims priority from provisional patent application serial no. 60/233,638, attorney docket no. 
25791 .47. filed on 9/18/2000, (27) U.S. patent application serial no. 10/406,648, filed on 
3/31/03, attorney docket no. 25791.48.06. which claims priority from provisional patent 
application serial no. 60/237.334, attorney docket no. 25791.48, filed on 10/2/2000, (28) PCT 
application US02/04353, filed on 2/14/02, attorney docket no. 25791.50.02, which claims 
priority from U.S. provisional patent application serial no. 60/270,007, attorney docket no. 
25791.50, filed on 2/20/2001, (29) U.S. patent application serial no. 10/465,835, filed on 
6/13/03, attorney docket no. 25791.51.06, which claims priority from provisional patent 
application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (30) U.S. 
patent application serial no. 10/465,831, filed on 6/13/03. attorney docket no. 25791.52.06, 
which claims priority from U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791.52, filed on 1/3/2001, (31) U.S. provisional patent application serial no. 
60/452,303, filed on 3/5/03, attorney docket no. 25791.53, (32) U.S. patent number 
6,470,966, which was filed as patent application serial number 09/850,093, filed on 5/7/01, 
attorney docket no. 25791.55, as a divisional application of U.S. Patent Number 6,497,289, 
which was filed as U.S. Patent Application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 12/3/1999, which claims priority from provisional application 
60/11 1,293. filed on 12/7/98, (33) U.S. patent number 6,561,227, which was filed as patent 
application serial number 09/852,026, filed on 5/9/01, attorney docket no. 25791.56, as a 
divisional application of U.S. Patent Number 6,497,289, which was filed as U.S. Patent 
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Application serial no. 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999, which 
claims priority from provisional application 60/111.293, filed on 12/7/98, (34) U.S. patent 
application serial number 09/852,027. filed on 5/9/01, attorney docket no. 25791.57, as a 
divisional application of U.S. Patent Number 6.497,289, which was filed as U.S. Patent 
Application serial no. 09/454.139. attorney docket no. 25791.03.02. filed on 12/3/1999. which 
claims priority from provisional application 60/1 1 1 .293. filed on 1 277/98. (35) PCT Application 
US02/25608, attorney docket no. 25791 .53.02. filed on 8/13/02. which claims priority from 
provisional application 60/318.021, filed on 9/7/01 . attorney docket no. 25791.58. (36) PCT 
Application US02/24399, attorney docket no. 25791 .59.02. filed on 8/1/02, which claims 
priority from U.S. provisional patent application serial no. 60/313.453. attorney docket no. 
25791 .59, filed on 8/20/2001 , (37) PCT Application US02/29856, attorney docket no. 
25791.60.02, filed on 9/19/02, which claims priority from U.S. provisional patent application 
serial no. 60/326,886, attorney docket no. 25791.60, filed on 10/3/2001, (38) PCT 
Application US02/20256. attorney docket no. 25791.61.02, filed on 6/26/02, which claims 
priority from U.S. provisional patent application serial no. 60/303,740, attorney docket no. 
25791.61, filed on 7/6/2001, (39) U.S. patent application serial no. 09/962.469, filed on 
9/25/01, attorney docket no. 25791 .62, which is a divisional of U.S. patent application serial 
no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124,042, filed on 3/11/99, (40) U.S. patent application serial 
no. 09/962,470, filed on 9/25/01 , attorney docket no. 25791.63, which is a divisional of U.S. 
patent application serial no. 09/523,468, attorney docket no. 25791 .1 1.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/1 1/99, 
(41) U.S. patent application serial no. 09/962,471, filed on 9/25/01 , attorney docket no. 
25791.64, which is a divisional of U.S. patent application serial no. 09/523.468, attorney 
docket no. 25791.11.02, filed on 3/10/2000, which claims priority from provisional application 
60/124,042, filed on 3/11/99, (42) U.S. patent application serial no. 09/962,467, filed on 
9/25/01, attorney docket no. 25791.65, which is a divisional of U.S. patent application serial 
no. 09/523,468. attorney docket no. 25791.11.02, filed on 3/10/2000, which claims priority 
from provisional application 60/124,042, filed on 3/11/99, (43) U.S. patent application serial 
no. 09/962.468, filed on 9/25/01 . attorney docket no. 25791 .66, which is a divisional of U.S. 
patent application serial no. 09/523,468, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, which claims priority from provisional application 60/124,042, filed on 3/1 1/99, 
(44) PCT application US 02/25727. filed on 8/14/02, attorney docket no. 25791.67.03, which 
claims priority from U.S. provisional patent application serial no. 60/317,985, attorney docket 
no. 25791.67, filed on 9/6/2001, and U.S. provisional patent application serial no. 
60/318,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (45) PCT application US 
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02/39425 filed on 12/10/02. attorney docket no. 25791.68.02. which claims priority from 
U S provisional patent application serial no. 60/343,674. attorney docket no. 25791.68. filed 
on 12/27/2001. (46) U.S. utility patent application serial no. 09/969.922. attorney docket no. 
25791 .69. filed on 10/3/2001 . which is a continuation-in-part application of U.S. patent no. 
6.328.1 13, which was filed as U.S. Patent Application serial number 09/440,338, attorney 
docket number 25791 .9.02, filed on 1 1/15/99, which claims priority from provisional 
application 60/108,558, filed on 11/16/98, (47) U.S. utility patent application serial no. 
10/516,467. attorney docket no. 25791.70. filed on 12/10/01, which is a continuation 
application of U.S. utility patent application serial no. 09/969,922. attorney docket no. 
25791 .69. filed on 10/3/2001. which is a continuation-in-part application of U.S. patent no. 
6.328,113. which was filed as U.S. Patent Application serial number 09/440,338. attorney 
docket number 25791.9.02, filed on 11/15/99, which claims priority from provisional 
application 60/108,558. filed on 11/16/98. (48) PCT application US 03/00609. filed on 1/9/03. 
attorney docket no. 25791 .71 .02, which claims priority from U.S. provisional patent 
application serial no. 60/357,372, attorney docket no. 25791.71. filed on 2/15/02, (49) U.S. 
patent application serial no. 10/074,703, attorney docket no. 25791.74, filed on 2/12/02, 
which is a divisional of U.S. patent number 6,563.471 , which was filed as patent application 
serial no. 09/51 2,895. attorney docket no. 25791 .1 2.02. filed on 2/24/2000. which claims 
priority from provisional application 60/121.841, filed on 2/26/99. (50) U.S. patent application 
serial no. 10/074,244, attorney docket no. 25791.75, filed on 2/12/02. which is a divisional of 
U.S. patent number 6.568,471 . which was filed as patent application serial no. 09/512.895. 
attorney docket no. 25791 .12.02, filed on 2/24/2000. which claims priority from provisional 
application 60/121,841, filed on 2/26/99, (51) U.S. patent application serial no. 10/076,660. 
attorney docket no. 25791 .76. filed on 2/1 5/02. which is a divisional of U.S. patent number 
6,568.471 , which was filed as patent application serial no. 09/51 2,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (52) U.S. patent application serial no. 10/076,661, attorney 
docket no. 25791.77, filed on 2/15/02. which is a divisional of U.S. patent number 
6,568.471 . which was filed as patent application serial no. 09/512.895, attorney docket no. 
25791.12.02, filed on 2/24/2000. which claims priority from provisional application 
60/121,841. filed on 2/26/99, (53) U.S. patent application serial no. 10/076.659, attorney 
docket no. 25791.78. filed on 2/15/02. which is a divisional of U.S. patent number 
6.568,471. which was filed as patent application serial no. 09/512.895, attorney docket no. 
25791.12.02, filed on 2/24/2000. which claims priority from provisional application 
60/121,841. filed on 2/26/99, (54) U.S. patent application serial no. 10/078,928. attorney 
docket no. 25791.79. filed on 2/20/02. which is a divisional of U.S. patent number 
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6,568.471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841. filed on 2/26/99. (55) U.S. patent application serial no. 10/078,922. attorney 
docket no. 25791.80, filed on 2/20/02. which is a divisional of U.S. patent number 
6,568.471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99, (56) U.S. patent application serial no. 10/078,921, attorney 
docket no. 25791.81. filed on 2/20/02, which is a divisional of U.S. patent number 
6,568,471, which was filed as patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, which claims priority from provisional application 
60/121,841, filed on 2/26/99. (57) U.S. patent application serial no. 10/261.928. attorney • 
docket no. 25791.82, filed on 10/1/02, which is a divisional of U.S. patent number 
6,557,640, which was filed as patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137,998. 
filed on 6/7/99, (58) U.S. patent application serial no. 10/079.276, attorney docket no. 
25791.83, filed on 2/20/02, which is a divisional of U.S. patent number 6.568,471. which was 
filed as patent application serial no. 09/512.895, attorney docket no. 25791 .12.02, filed on 
2/24/2000, which claims priority from provisional application 60/121,841. filed on 2/26/99, 
(59) U.S. patent application serial no. 10/262,009, attorney docket no. 25791.84, filed on 
10/1/02, which is a divisional of U.S. patent number 6,557,640, which was filed as patent 
application serial no. 09/588,946, attorney docket no. 25791.17.02. filed on 6/7/2000, which 
claims priority from provisional application 60/137,998, filed on 6/7/99. (60) U.S. patent 
application serial no. 10/092,481 , attorney docket no. 25791.85. filed on 3/7/02. which is a 
divisional of U.S. patent number 6.568.471. which was filed as patent application serial no. 
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, which claims priority from 
provisional application 60/121 ,841, filed on 2/26/99. (61) U.S. patent application serial no. 
10/261 ,926, attorney docket no. 25791.86, filed on 10/1/02, which is a divisional of U.S. 
patent number 6,557,640, which was filed as patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, which claims priority from provisional 
application 60/137,998. filed on 6/7/99, (62) PCT application US 02/36157, filed on 11/12/02, 
attorney docket no. 25791.87.02, which claims priority from U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/01, (63) PCT 
application US 02/36267, filed on 11/12/02, attorney docket no. 25791.88.02, which claims 
priority from U.S. provisional patent application serial no. 60/339,013, attorney docket no. 
25791 .88, filed on 1 1/12/01 , (64) PCT application US 03/1 1765, filed on 4/16/03, attorney 
docket no. 25791.89.02, which claims priority from U.S. provisional patent application serial 
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no. 60/383,917. attorney docket no. 25791.89, filed on 5/29/02. (65) PCT application US ' 
03/15020. filed on 5/12/03. attorney docket no. 25791.90.02. which claims priority from U.S. 
provisional patent application serial no. 60/391.703. attorney docket no. 25791.90. filed on 
6/26/02. (66) PCT application US 02/39418. filed on 12/10/02, attorney docket no. 
25791.92.02. which claims priority from U.S. provisional patent application serial no. 
60/346.309. attorney docket no. 25791.92. filed on 1/7/02. (67) PCT application US 
03/06544. filed on 3/4/03. attorney docket no. 25791.93.02. which claims priority from U.S. 
provisional patent application serial no. 60/372.048, attorney docket no. 25791.93. filed on 
4/12/02, (68) U.S. patent application serial no. 10/331 .718, attorney docket no. 25791 .94, 
filed on 12730/02, which is a divisional U.S. patent application serial no. 09/679.906, filed on 
10/5/00, attorney docket no. 25791.37.02, which claims priority from provisional patent 
application serial no. 60/159,033, attorney docket no. 25791.37. filed on 10/12/1999. (69) 
PCT application US 03/04837. filed on 2/29/03. attorney docket no. 25791.95.02. which 
claims priority from U.S. provisional patent application serial no. 60/363.829, attorney 
docket no. 25791.95. filed on 3/13/02. (70) U.S. patent application serial no. 10/261,927, 
attorney docket no. 25791.97. filed on 10/1/02, which is a divisional of U.S. patent number. 
6.557,640, which was filed as patent application serial no. 09/588.946, attorney docket no. 
25791.17.02, filed on 6/7/2000, which claims priority from provisional application 60/137,998, 
filed on 6/7/99. (71) U.S. patent application serial no. 10/262,008. attorney docket no. 
25791 .98, filed on 10/1/02. which is a divisional of U.S. patent number 6,557.640. which was 
filed as patent application serial no. 09/588.946, attorney docket no. 25791.17.02. filed on 
6/7/2000, which claims priority from provisional application 60/137,998. filed on 6/7/99. (72) 
U.S. patent application serial no. 10/261.925. attorney docket no. 25791.99. filed on 
10/1/02. which is a divisional of U.S. patent number 6.557.640, which was filed as patent 
application serial no. 09/588,946. attorney docket no. 25791.17.02, filed on 6/7/2000, which 
claims priority from provisional application 60/137.998, filed on 6/7/99. (73) U.S. patent 
application serial no. 10/199.524. attorney docket no. 25791.100. filed on 7/19/02. which is 
a continuation of U.S. Patent Number 6.497,289. which was filed as U.S. Patent Application 
serial no. 09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999, which claims 
priority from provisional application 60/1 1 1 .293, filed on 1 2/7/98, (74) PCT application US 
03/10144. filed on 3/28/03, attorney docket no. 25791 .1 01 .02, which claims priority from 
U.S. provisional patent application serial no. 60/372,632, attorney docket no. 25791.101. 
filed on 4/15/02, (75) U.S. provisional patent application serial no. 60/412,542, attorney 
docket no. 25791.102, filed on 9/20/02. (76) PCT application US 03/14153, filed on 5/6/03, 
attorney docket no. 25791.104.02, which claims priority from U.S. provisional patent 
application serial no. 60/380.147, attorney docket no. 25791.104, filed on 5/6/02, (77) PCT 
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appt ication US 03/19993, filed on 6/24/03. attorney docket no. 25791.106.02, which claims 
p iority from U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
257 91 106 fUed on 7/19/02. (78) PCT app.ication US 03/13787, fi.ed on 5/5/03. attorney 
docket no ' 25791 .107.02, which claims priority from U.S. provisional patent apphcat.on 

a, no. 60/387,486, attorney docket no. 25791 ,07, fi.ed on 6/10/02, (79) PCT 
US 03/1 8530. fi.ed on 6/1 1 /03. attorney docket no. 25791 .108.02. which claims ..or > / rem 
U S provisiona. patent app.ication seria. no. 60/387,961, attorney docket no. 25791.108, 
filed on 6/12/02, (80) PCT app.ication US 03/20694, fi.ed on 7/1/03. attorney docket no. 
25791 1 10 02 which claims priority from U.S. provisional patent applicat.on senal no. 
60/398 061, attorney docket no. 25791.110. filed on 7/24/02, (81) PCT app.ication US 
03/20870, filed on 7/2/03. attorney docket no. 25791.111.02, which claims priority from U.S. 
provisiona. patent application serial no. 60/399,240, attorney docket no. 25791.1 11. filed on 
7/29/02 (82) U.S. provisional patent application serial no. 60/412.487. attorney docket no. 
25791 112 filed on 9/20/02. (83) U.S. provisional patent application serial no. 60/412,488. 
attorney docket no. 25791.114. filed on 9/20/02, (84) U.S. patent application senal no. 
10/280,356, attorney docket no. 25791.115, fi.ed on 10/25/02, which is a continuation of 
U S patent number 6,470,966, which was filed as patent application serial number 
09/850 093, filed on 5/7/01, attorney docket no. 25791.55, as a divisional applicat.on of U.S. 
Patent Number 6,497,289, which was filed as U.S. Patent Application serial no. 09/454,1 39, 
attorney docket no. 25791.03.02, filed on 12/3/1999, which claims priority from prov.s,onal 
application 60/111.293, filed on 12/7/98, (85) U.S. provisional patent application senal no. 
60/412 177 attorney docket no. 25791.117, filed on 9/20/02, (86) U.S. provisional patent 
application serial no. 60/412.653. attorney docket no. 25791.118, filed on 9/20/02, (87) U.S. 
provisiona. patent application seria. no. 60/405,610. attorney docket no. 25791.119, fi.ed on 
8/23/02, (88) U.S. provisional patent application serial no. 60/405,394, attorney docket no. 
25791 120 filed on 8/23/02. (89) U.S. provisional patent application serial no. 60/41 2.544, 
attorney docket no. 25791 .121, filed on 9/20/02, (90) PCT application PCT/US2003/024779. 
filed on 8/8/03, attorney docket no. 25791.125.02, which claims priority from U.S. 
provisiona. patent app.ication serial no. 60/407,442, attorney docket no. 25791.125, filed on 
8/30/02. (91) U.S. provisional patent application serial no. 60/423,363, attorney docket no. 
25791 126. filed on 12/10/02, (92) U.S. provisional patent application serial no. 60/412,196, 
attorney docket no. 25791 .127, filed on 9/20/02, (93) U.S. provisional patent application 
serial no 60/412,187, attorney docket no. 25791 .128, filed on 9/20/02, (94) U.S. provisional 
patent application serial no. 60/412,371, attorney docket no. 25791.129, filed on 9/20/02. 
(95) U S patent application serial no. 10/382,325, attorney docket no. 25791.145, filed on 
3/5/03 which is a continuation of U.S. patent number 6,557,640, which was filed as patent 
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application serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000. which 
claims priority from provisional application 60/137,998, filed on 6/7/99, (96) U.S. patent 
application serial no. 10/624,842. attorney docket no. 25791.151, filed on 7/22/03, which is 
a divisional of U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02. 
filed on 2/10/2000, which claims priority from provisional application 60/119,611, filed on 
2/11/99, (97) U.S. provisional patent application serial no. 60/431,184, attorney docket no. 
25791.157, filed on 12/5/02, (98) U.S. provisional patent application serial no. 60/448,526, 
attorney docket no. 25791.185. filed on 2/18/03, (99) U.S. provisional patent application 
serial no. 60/461.539. attorney docket no. 25791.186, filed on 4/9/03, (100) U.S. provisional 
patent application serial no. 60/462.750, attorney docket no. 25791 .193, filed on 4/14/03, 
(101) U.S. provisional patent application serial no. 60/436,106, attorney docket no. 
25791.200, filed on 12/23/02, (102) U.S. provisional patent application serial no. 60/442,942, 
attorney docket no. 25791.213, filed on 1/27/03, (103) U.S. provisional patent application 
serial no. 60/442,938, attorney docket no. 25791.225. filed on 1/27/03, (104) U.S. provisional 
patent application serial no. 60/418,687, attorney docket no. 25791.228, filed on 4/18/03, 
(105) U.S. provisional patent application serial no. 60/454,896, attorney docket no. 
25791.236, filed on 3/14/03, (106) U.S. provisional patent application serial no. 60/450,504, 
attorney docket no. 25791.238, filed on 2/26/03, (107) U.S. provisional patent application 
serial no. 60/451,152, attorney docket no. 25791.239, filed on 3/9/03, (108) U.S. provisional 
patent application serial no. 60/455,124, attorney docket no. 25791.241, filed on 3/17/03, 
(109) U.S. provisional patent application serial no. 60/453,678, attorney docket no. 
25791.253, filed on 3/11/03, (110) U.S. patent application serial no. 10/421,682, attorney 
docket no. 25791 .256, filed on 4/23/03, which is a continuation of U.S. patent application 
serial no. 09/523,468, attorney docket no. 25791 .1 1.02, filed on 3/10/2000, which claims 
priority from provisional application 60/124,042, filed on 3/1 1/99, (111) U.S. provisional 
patent application serial no. 60/457,965, attorney docket no. 25791.260, filed on 3/27/03, 
(112) U.S. provisional patent application serial no. 60/455,718, attorney docket no. 
25791.262, filed on 3/18/03, (113) U.S. patent number 6,550,821, which was filed as patent 
application serial no. 09/811,734, filed on 3/19/01, (114) U.S. patent application serial no. 
10/436,467, attorney docket no. 25791 .268, filed on 5/12/03, which is a continuation of U.S. 
patent number 6,604,763, which was filed as application serial no. 09/559,122, attorney 
docket no. 25791 .23.02, filed on 4/26/2000, which claims priority from provisional application 
60/131,106, filed on 4/26/99, (115) U.S. provisional patent application serial no. 60/459,776, 
attorney docket no. 25791.270, filed on 4/2/03, (116) U.S. provisional patent application 
serial no. 60/461,094, attorney docket no. 25791.272, filed on 4/8/03. (117) U.S. provisional 
patent application serial no. 60/461,038, attorney docket no. 25791.273, filed on 4/7/03, 
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(118) U.S. provisional patent application serial no. 60/463,586, attorney docket no. 
25791-277, filed on 4/17/03, (1 19) U.S. provisional patent application serial no. 60/472,240, 
attorney docket no. 25791.286, filed on 5/20/03, (120) U.S. patent application serial no. 
10/619,285, attorney docket no. 25791.292, filed on 7/14/03, which is a continuation-in-part 
of U.S. utility patent application serialno. 09/969,922, attorney docket no. 25791 .69, filed on 
10/3/2001, which is a continuation-in-part application of U.S. patent no. 6,328,113, which 
was filed as U.S. Patent Application serial number 09/440,338, attorney docket number 
25791.9.02, filed on 11/15/99, which claims priority from provisional application 60/108,558, 
filed on 11/16/98, and (121) U.S. utility patent application serial no. 10/418,688, attorney 
docket no. 25791.257, which was filed on 4/18/03, as a division of U.S. utility patent 
application serial no. 09/523,468, attorney docket no. 25791.11.02, filed on 3/10/2000, which 
claims priority from provisional application 60/124,042, filed on 3/11/99, the disclosures of 
which are incorporated herein by reference. 

[0034] As illustrated in Fig. 4, an alternate embodiment of a method 400 for forming and/or 
repairing a wellbore casing, pipeline, or structural support includes the steps of: (1) providing 
one or more tubular members in step 405; (2) applying a coating including a first part of a 
lubricant to the interior walls of the tubular members in step 410; (3) coupling the first and 
second tubular members in step 415; and (4) radially expanding the tubular members into 
contact with the preexisting structure while also circulating fluidic materials into contact with 
the interior walls of the tubular members having a second part of the lubricant in step 420. 
[0035] In a preferred embodiment, in step 410, a coating including a first part of a lubricant 
is applied to the interior walls of the tubular members, 205 and 215. In a preferred 
embodiment, the first part of the lubricant forms a first part of a metallic soap. In an 
preferred embodiment, the first part of the lubricant coating includes zinc phosphate. 
[0036] In a preferred embodiment, in step 420, a second part of the lubricant is circulated 
within a fluidic carrier into contact with the coating of the first part of the lubricant applied to 
the interior walls of the tubular members, 205 and 215. In a preferred embodiment, the first 
and second parts react to form a lubricating layer between the interior walls of the tubular 
members, 205 and 215, and the exterior surface of the expansion cone. In this manner, a 
lubricating layer is provided in exact concentration, exactly when and where it is needed. 
Furthermore, because the second part of the lubricant is circulated in a carrier fluid, the 
dynamic interface between the interior surfaces of the tubular members, 205 and 215, and 
the exterior surface of the expansion cone 510 is also preferably provided with 
hydrodynamic lubrication. In a preferred embodiment, the first and second parts of the 
lubricant react to form a metallic soap. In a preferred embodiment, the second part of the 
lubricant is sodium, calcium and/or zinc stearate. 



32 



PCT/IIS2MI5/IMI4114 

in the radial expansion process; 

hydremic lubrication ptays a secondary role in ma tubncabon proces, 
expand «ubu,ar lubrican, coa«ng offers I. n»re reliable and mora af.ac.rva form 

of boundary lubrication; 

a linuid lubricant viscosity and/or turn sirenym y 

expans.on proc, p rnatinaq . (1 ) polytetrafluoroethylene PTFE), (2) 

obtained with the following dry film coat.ngs. (1) poiy labora tory 
mol ybdenum disulfide, and (3) metaHic soap (stearates). these results are for laboratory 
tea* on one inch dry pipe, in the absence of any drilling fluid; 

a Zl Pari reduction in propagation forca dudng the radia, expansion process 

WM ""tetic o» ntuds do no, typically pro.de sufflcfen, reliable tubman for uncoatad 

PiPe ' the coefficient o, friction for expandable tubular lubrtcan. coatings remains essentially 
^nctant across a wide temperature range; 

t Ipected application range for expandable tubular casing expanse - b*-n 
40 °F a!d ,00 °F, this range is we,, within the essentia,, consfan, range for coefftaen, of 

^"rr^rebounda.fub^ba.acba— 

„ ow er coefficients of friction, as the load increases, cceffidenfs o, fricbon belvreen 0.02 and 

0 08 are reported for some coatings. 

0038, in a preferred embodiment, the optimum lubrication for in-s,.u expandabe , bula 
irjujoj a v includes a combination of 

radial expansion operations using the methods 100 and/or 400 , 

location technics and iubricants. These can be summarized as < 1 > ^ 

pressure iubricantsflubrication techniques; and (2) bydrodynamic lubncalion from the nuid 
the pipe during expansion. 
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mm Ex,reme p^su-e .ubricarion Is preferably provided by: (1, liquid extreme pressure 
1 added ,o rhe .luid (e.g.. dril,.ng ft* e,c) in contact wi.h lh e interna, surface o. he 

etrlbte tubu,ar during the radiat expansion process. andtor (2, solid lubncan* add d o 
expandable iudu c y surface Qf the 

th* fluid added to or contained within, the fluid in contact w.i 
1 nlTe Ita member during me radia, expansion process. andfor (3, sot. tubncan s 
I^d to L interna, sudace of the expand* tubutar mender ,o be radiaiiy expanded, 
and/or (4) combinations of (1), (2) and (3) above. 

oot, Li U -rente pressure iubricant addi.es preterabiy wod< by ^erntca « * 
or big singly attracted to .he surface of the expandabte tubutar to be expanded. These 
Z Z tJLm pressure .ubrican, addit.es preferably torn, a -M on the surface a 
£ expandable tubutar member. The adhes^e Strang* o, this m is pre,erab,y greater . an 
he shearing force a,ong .ha intornat surface o, the expandabte .ubutar member during me 
Tdi expansion process. This adhesive torce is retenad .o as ftlm strength. The * 
strength Ln be .ncteased by increasing the - 1- •* Common vtscosiHers. such 

7po ymerio add,»ves. are preferably added ,0 the ,,uid in contac. w,,h the interna surface f 
the expandabte tubutar member during the radiat expansion process to increase ubncat^ 
,n a preferred embodiment, fhese liquid extreme pressure lubricant additives Include 
more o, are fo»o„ngt polyacryUtmlda polymers. A M PS-ac*am,de copolymers mod, ed 
cetiulose dedvatlves such as. for exampta. hydroxyethylcellulose. carboxymethy 
hydroxyethy, cellulose, polyvinyl alcohol polymers, polyvinyl acata.e pollers, polyvinyl 
atcohcWnyl acetate copolymers, polyvinyf pyrrolidone and copolymers including polyotefins. 
.ataxes such as. for example, styrana butadiene latex, urethane latexes. sryrene-nrateic 
annhydride copolymers, viscosity index improvers for motor oils such as polyacrylate esters^ 
block copolymers inctuding styrena. isoprane butadiene and ethytene. e.hy,ane «*c acd 

^iTa preferred embodiment, extreme pressure lubrication is provided using solid 
lubricants .hat are applied to the interna, surface o, the expandable «ubu,a, member These 
solid .ubncants can be applied using various conventional methods of applying a m to a 
surface In a prefened embodiment, these solid lubricants are applied in a manner that 
ensures that Ure solid ,ubrican.s remain on toe surface of .he expandable tubular member 
during installation and radia, expansion of the expandable tubular member. The soltd 
lubricants preferably include one or more o. the following: graphite, molybdenum dtsulhda, 
tead powder, antimony oxide, poly tetrafluoroetoylene (PTFE). or silicone polymers. 
Furthermore, blends of these solid lubricants are preferred. 

.0042) in a pre.ened embodiment, .he solid lubricants are applied directly to the expandable 
tobulars as coalings. The coating o, the solid .ubrican. preferably includes a binder to he.p 
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Wd or fix the solid tubrican. to .he expands* tubular. The binders preferably include 
cu ,ab,e resins such as. -or example, eppxies. accylic. urea-formaldehyde. melam.ne 
formaldehyde, furan based resins, acetone formaldehyde, phenolic, alkyd resins. s„,cone 
modified a,kyd resins, etc. The binder is preferably selected to withstand the expecfed 
tomperature range. pH. salinity and fluid .ypes during .he installation and radial expansion 
opera.ions. Potymerto ma.eria.s are preferably used .0 bind .he selid lubricanfs .0 the 
expandable tubular such as. for example, "self-adhesive- polymers such as those 
copolymers or terpplymers based uppn vinyl acetate, viny, chloride, maleic 
annhydride/maleic add. arKi ethylene-acrylio add copolymers. ethylene-methacryliO ao,d 
copolymers and ethytene-vinyl acetate copo.ymers. In an alternative embodiment, the. solid 
lubricants are applied as suspensions of fine partides in a carrier solvent without the 
presence/use of a chemical binder. 

[0043] in a preferred embodiment, the solid lubricant coating and the liquid lubricant add.t.ve 
(added to the fluid in contact with the interna, surface of the expandable tubu.ar member 
during the radia. expansion process) interact during the radial expansion process to improve 
the overall lubrication. In an exemplary embodiment, for phosphate solid lubricant coatmgs, 
manganese phosphate is preferred over zinc or iron phosphate because it more effectively 
attracts and retains liquid lubricant additives such as oils, esters, amides, etc. 
[0044] In a preferred embodiment, solid lubricant coatings use binders that prov.de low 
friction that is enhanced under extreme pressure conditions by the presence of the sohd 
lubricant Preferred solid lubricant coatings includes one or more of the following: graph.te, 
molybdenum disulfide, silicone polymers and polytetrafluoroethylene (PTFE). In a preferred 
embodiment, blends of these materials are used since each material has hibncabon 
characteristics that optimally work at different stages in the radial expansion process. In a 
preferred embodiment, a solid, dry film lubricant coating for the interna, surface of the 
expandable tubu.ar includes: (1) 1 to 90 percent solids by volume; (2) more preferably. 5 to 
70 percent solids by volume; and (3) most preferably, 15 to 50 percent solids by volume. In 
a preferred embodiment, the solid lubricants include: (1) 5 to 80 percent graphite; (2) 5 to 80 
percent molybdenum disulfide; (3) 1 to 40 percent PTFE; and (4) 1 to 40 percent silicone 
polymers. 

[0045] In several exemplary embodiment, the liquid lubricant additives include one or more 
of the following: (1) esters including: (a) organic acid esters (preferably fatty acid esters) 
such as for example, trimethylol propane, isopropyl. penterithritol. n-butyl, etc.; (b) glycerol 
tri(acetoxy stearate) and N.N' ethylene bis 12 hydroxystearate and octyl hydroxystearate; (c) 
phosphate and phosphite such as. for example, butylated triphenyl phosphate and 
isodiphenyl phosphate; (2) sulfurized natural and synthetic oils; (3) alkano.amides such as. 
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for example, coco diethanolamide; (4) amines and amine salts; (5) olefins and polyolefins; 
(6) C-8 to C-18 linear alcohols and derivatives containing or consisting of esters, amines, 
carboxylates. etc.; (7) overbased sulfonates such as, for example, calcium sulfonate, sodium 
sulfonate, magnesium sulfonate; (8) polyethylene glycols; (9) silicones and siloxanes such 
as, for example, dimethylpolysiloxanes and fluorosilicone derivatives; (10) dinonyl phenols; 
and (1 1) ethylene oxide/propylene oxide block copolymers. 

[0046] In an exemplary embodiment, the coating 240 of lubricant includes: a solvent base, a 
dry film lubricant, and an adhesive material for bonding the dry film lubricant to the interior 
surface of the tubular members 21 5. In an exemplary embodiment, the solvent base 
includes methyl ethyl ketone, the dry film lubricant includes polytetrafluoroethylene, and the 
adhesive material includes an alkyd polymer. In an exemplary embodiment, coating 240 of 
lubricant includes 48% to 50%, by weight, methyl ethyl ketone. 1 to 25%. by weight, 
polytetrafluoroethylene, and the remainder, by volume, an alkyd polymer. During an 
experimental test of the coating 240, the coefficient of friction was unexpectedly significantly 
reduced as compared to other lubricant materials. 

[0047] In an exemplary embodiment, the coating 240 of lubricant includes, by weight 
percentage: 40% alkyd resin; 20% titanium dioxide; 1% calcium silicate; 22% methyl ethyl 
ketone; 15% polytetrafluoroethylene; 1 % conventional driers; and 1% conventional levelers. 
During an experimental test of the coating 240, the coefficient of friction was unexpectedly 
significantly reduced as compared to other lubricant materials. 

[0048] An expandable tubular assembly has been described that includes one or more 
tubular members and a layer of a lubricant coupled to the interior surfaces of the tubular 
members. In a preferred embodiment, the lubricant includes a metallic soap. In a preferred 
embodiment, the lubricant is selected from the group consisting of sodium, calcium, and/or 
zinc stearates. zinc phosphates, manganese phosphate. C-Lube-10, C-PHOS-58-M, C- 
PHOS-58-R, graphite, molybdenum disulfide, lead powder, antimony oxide, poly 
tetrafluoroethylene (PTFE). and silicone polymers. In a preferred embodiment, the lubricant 
provides a sliding friction coefficient of less than about 0.20. In a preferred embodiment, the 
lubricant is chemically bonded to the interior surfaces of the tubular members. In a preferred 
embodiment, the lubricant is mechanically bonded to the interior surfaces of the tubular 
members. In a preferred embodiment, the lubricant is adhesively bonded to the interior 
surface of the tubular members. In a preferred embodiment, the lubricant includes epoxy, 
molybdenum disulfide, graphite, aluminum, copper, alumisilicate and polyethylenepolyamine. 
In a preferred embodiment, the layer of lubricant includes: a binder and a solid lubricant 
material. In a preferred embodiment, the binder is selected from the group consisting of: 
epoxy. acrylic, urea-formaldehyde, phenolic, alkyd resins, silicone modified alkyd resins. 
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aboutStowpe s . ijcone po , ymers ln a 

^jr^n— «- - « - * - : ~ r: : 

Z 2 by volume In a preferred embodiment, the layer of lubricant indudes abou. 5% to 
le si lubrican. materia, by votume. ,n a preferred embody,, the fayer o, 
lubricant includes about 15% to 50% of .be solid lubricant material by yolume. 
£Ta method of coupling an expandable fubular assembly including one or mo. tubutar 
T etTo a preexist structure nas a,so been described fba, indudes coating trie ,n^o 
Tda s of the tubular members .» a lubricant, positioning .be tubular members w,.h, a 
— strudure and radiai, expanding ,be fubular members into contact w„h e 
isttn structure. ,n a preferred embodiment, .be lubricant coating includes a me.* 
ap m a preferred embodiment, me lubricant coating is selecfed ,om the group ««W 
of sodium calcium, and/or zinc steara.es, zinc phosphates, manganese phosphate, C-Lube- 

C- HOS-56-M, C-PHOS-56-R. graphife, motybdenum disu.de. ,ead 
oxide poly tetraftuoroethylene (PTFE), and silicone polymers. In a preferred embedment 
r ubricL coating provides a sliding frictton confident of less than abou. 0.20. I a 
preferred embodiment, the lubricant coating ,s chemically bonded to me .ntenor surfaces o 
febufer members. In a preferred embCimenl. .he lubrican. coating »»-*«»* 
ZL to the interior surfaces o, .he fubular members. ,n a preferred embody,, h 
lubricant coaling is adhesiyely bonded ,o the interior surface of .he tubula, members, h a 
pt eld embclen, the lubricant coating includes epoxy. molybdenum disulfide, graph,, 
luminum. copper, alumisilicafe and polyemyfenepelyamine. In a preferred embodtr^ m « 
.ubrican. coating indudes: a binder, and a solid lubrican, matenal. In a ..erred 
embodiment, the binder is selected from .he group consisting of: epoxy ac^ o urea 
formaldehyde, phenolic, alkyd resins, silicone modified alKyd res.ns, v,nyl a cefefe vtny 
Zde and maleic annhydride/maelic add. In a preferred embodiment, the so„d lubncan. 
ITeria is selected from the group consisting of: graphife, molybdenum disulfide s , cone 
potmers. and po, yl e,ranuoroemy,ene. ,n a preferred embodiment, the solid lubncan 
leria, includes: graphite, molybdenum disulfide, po,y.e,ranuoroe,hy,ene, and stone 
polymers. In a preferred embodiment, the solid lubrican, materia, indudes: about 5 
percent o, graphite, abou, 5 to 80 percent ot molybdenum disulfide, abou, 1 to 40 percent 
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polytetrafluoroethylene, and about 1 to 40 percent silicone polymers. In a preferred 
embodiment, the lubricant coating includes about 1% to 90% of the solid lubricant material 
by volume. In a preferred embodiment, the lubricant coating includes about 5% to 70% of 
the solid lubricant material by volume. In a preferred embodiment, the lubricant coating 
includes about 15% to 50% of the solid lubricant material by volume. In a preferred 
embodiment, the method further includes: injecting a quantity of a lubricating material into 
contact with the expandable tubular assembly. In a preferred embodiment, the lubricant 
coating includes a first part of a lubricating substance; and the lubricating material includes a 
second part of the lubricating substance. 

[0050] An apparatus has also been described that includes a preexisting structure and one 
or more tubular members coupled to the preexisting structure. The tubular members are 
coupled to the preexisting structure by the process of: coating the interior surfaces of the 
tubular members with a lubricant, positioning the tubular members within a preexisting 
structure, and radially expanding the tubular members into contact with the preexisting 
structure. In a preferred embodiment, the lubricant coating includes a metallic soap. In a 
preferred embodiment, the lubricant coating is selected from the group consisting of sodium, 
calcium, and/or zinc stearates, zinc phosphates, manganese phosphate, C-Lube-10, C- 
PHOS-58-M, C-PHOS-58-R, graphite, molybdenum disulfide, lead powder, antimony oxide, 
poly tetrafluoroethylene (PTFE), and silicone polymers. In a preferred embodiment, the 
lubricant coating provides a sliding friction coefficient of less than about 0.20. In a preferred 
embodiment/the lubricant coating is chemically bonded to the interior surfaces of the tubular 
members. In a preferred embodiment, the lubricant coating is mechanically bonded to the 
interior surfaces of the tubular members. In a preferred embodiment, the lubricant coating is 
adhesively bonded to the interior, surface of the tubular members. In a preferred 
embodiment, the lubricant coating includes epoxy, molybdenum disulfide, graphite, 
aluminum, copper, alumisilicate and polyethylenepolyamine. In a preferred embodiment, the 
lubricant coating includes: a binder and a solid lubricant material. In a preferred 
embodiment, the binder is selected from the group consisting of: epoxy, acrylic, urea- 
formaldehyde, phenolic, alkyd resins, silicone modified alkyd resins, vinyl acetate, vinyl 
chloride, and maleic annhydride/maelic acid. In a preferred embodiment, the solid lubricant 
material is selected from the group consisting of: graphite, molybdenum disulfide, silicone 
polymers, and polytetrafluoroethylene. In a preferred embodiment, the solid lubricant 
material includes: graphite, molybdenum disulfide, polytetrafluoroethylene, and silicone 
polymers. In a preferred embodiment, the solid lubricant material includes: about 5 to 80 
percent of graphite, about 5 to 80 percent of molybdenum disulfide, about 1 to 40 percent 
polytetrafluoroethylene, and about 1 to 40 percent silicone polymers. In a preferred 
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i ..w oK^rf 10/ tn Q0% of the solid lubricant material 
embodiment, the lubricant coat.ng .ncludes about 1 /„ to 90 /» on 

by volume, in a preferred embodiment, the lubricant coat.ng includes about 5% to 70 A of 
L solid lubricant materia, by volume. .„ a preferred embodiment, the .ubricant coafng 
indudes about 15% to 50% of the so.id lubricant material by volume. In a preferred 
embodiment, the method further includes: injecting a quantity of a lubricating mater.a, ,nto 
contact with the expandable tubu.ar assemb.y. In a preferred embodiment, the .ubncan 
coating indudes a first part of a .ubricating substance; and the injected lubricating matena. 
includes a second part of the lubricating substance. 

100511 An expandable tubu.ar assembly has also been described that indudes one or more 
tubular members and a layer of a first part of a lubricant coupled to the interior surfaces of 
the tubular members. In a preferred embodiment, the lubricant includes a metallic soap. In 
a preferred embodiment, the lubricant is selected from the group consisting of sod.um, 
calcium and/or zinc stearates, zinc phosphates, manganese phosphate. C-Lube-10, C- 
PHOS-58-M C-PHOS-58-R, graphite, molybdenum disulfide, lead powder, antimony ox.de, 
po.y tetraf.uoroethy.ene (PTFE), and si.icone po.ymers. In a preferred embodiment, the 
.ubricant provides a sliding friction coefficient of less than about 0.20. In- a preferred 
embodiment, the lubricant is chemically bonded to the interior surfaces of the tubular 
members. In a preferred embodiment, the lubricant is mechanically bonded to the intenor 
surfaces of the tubu.ar members. In a preferred embodiment, the lubricant is adhes.ve.y 
bonded to the interior surface of the tubular members. In a preferred embodiment, the 
lubricant includes epoxy, molybdenum disulfide, graphite, aluminum, copper, a.umis.hcate 
and polyethylenepolyamine. In a preferred embodiment, the layer of lubricant includes: a 
binder and a solid lubricant material. In a preferred embodiment, the binder is selected from 
the group consisting of: epoxy. acrylic, urea-formaldehyde, phenolic, alkyd resins, stone 
modified alkyd resins, vinyl acetate, vinyl chloride, and maleic annhydride/mael.c acd. In a 
preferred embodiment, the solid lubricant material is selected from the group consisfing of: 
graphite, molybdenum disulfide, silicone polymers, and polytetrafluoroethylene. In a 
preferred embodiment, the solid lubricant material includes: graphite, molybdenum d.sulfide, 
polytetrafluoroethylene, and silicone polymers. In a preferred embodiment, the sol.d 
lubricant materia, includes: about 5 to 80 percent of graphite, about 5 to 80 percent of 
molybdenum disulfide, about 1 to 40 percent polytetrafluoroethylene, and about 1 to 40 
percent silicone polymers. In a preferred embodiment, the layer of lubricant includes about 
1o/ 0 to 90% of the solid lubricant material by volume. In a preferred embodiment, the layer of 
lubricant includes about 5% to 70% of the solid lubricant material by volume. In a preferred 
embodiment, the layer of lubricant includes about 15% to 50% of the so.id lubricant matena. 
by volume. 
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10052] A method of coupling an expandable tubu.ar assembly including one or more tubular 
members to a preexisting structure has also been described that includes positioning the 
expandable tubu.ar assembly into the preexisting structure, injecting a quantity of a lubricant 
materia, into contact with the expandab.e tubu.ar assembly, and radially expanding the 
expandable tubu.ar assemb.y into contact with the preexisting structure. In a preferred 
embodiment, the injected lubricant materia, includes a liquid .ubricant material. In a 
preferred embodiment, the liquid lubricant material is selected from the group cons.st.ng of: 
polyacry.am.de po.ymers. AMPS-acrylamide copolymers, modified cellulose derivatives, 
hydroxyethylcellulose. carboxymethyt hydroxyethy. cellulose, polyvinyl alcohol po.ymers. 
polyvinyl acetate polymers, polyvinyl alcohol/viny. acetate copolymers, polyvinyl pyrrohdone. 
copolymers including polyo.efins, latexes, styrene butadiene latex, urethane .atexes. 
styrene-maleic annhydride copolymers, viscosity index improvers for motor oils, polyacrylate 
esters block copolymers including styrene, isoprene butadiene and ethylene, ethylene 
acrylic acid copolymers, esters, organic acid esters, trimethylol propane, isopropyl. 
penterithritol, n-butyl. g.ycero. triacetoxy stearate, N,N' ethylene bis 12 hydroxystearate, octy. 
hydroxystearate, phosphate, phosphite, buty.ated tripheny. phospate, isod.phenyl 
phosphate, sulfurized natural oils, synthetic oils, alkanolamides, coco diethanolarrnde, 
amines, amine salts, olefins, polyolefins. C-8 to C-18 linear alcohols and derivafves 
including esters, amines, carboxylates, overbased sulfonates, calcium sulfonate, sod.um 
sulfonate, magnesium sulfonate, polyethylene glycols, silicones, s.loxanes, 
dimethylpolysiloxanes. fluorosilicone derivatives, dinonyl phenols, and ethylene 
oxide/propylene oxide block copolymers. In a preferred embodiment, the injected lubr.cant 
material includes a solid lubricant material. In a preferred embodiment, the solid lubr.cant 
material is selected from the group consisting of: graphite, molybdenum disulfide, lead 
powder, antimony oxide, poly tetrafluoroethylene, and silicone polymers. In a preferred 
embodiment, the method further includes: coating the interior surfaces of the tubular 
members with a lubricant prior to positioning the tubular members within the preexisting 
structure. In a preferred embodiment, the lubricant coating includes a first part of a 
lubricating substance; and the injected lubricating material includes a second part of the 
lubricating substance. 

[0053] An apparatus has also been described that includes a preexisting structure and one 
or more tubular members coupled to the preexisting structure. The tubular members are 
coupled to the preexisting structure by the process of. positioning the tubular members into 
the preexisting structure, injecting a quantity of a lubricant material into contact with the 
tubular members, and radially expanding the tubular members into contact with the 
preexisting structure. In a preferred embodiment, the injected lubricant material includes a 
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liqui d tubrican. materia,. >n a preferred embodiment. ,ha liguid tubrican, materia, is selected 
* group eonsis.ing of: po^lamide polymers. AMPS-a^lamide copo, mar . 
Sad close derivatives, hydroxyethylcellulose, carboxyme,hyl hydroxye hy, cellu, s. 

— «"*""»■ aC6,a,e P °' ymerS ' P0 ' yVi " V ' " Ta 

olyL. pCyviny, pyrro„dana, capers — P**««. »— ■ -»»» 
llna JL. — ,a,exes. s,y,e~.ma,e,c aanbyddda capa,yr„ars. viscosity ,nde 
mprovers for mo.or o,,s. polyene esters, blocx aopo^a induding sfyrene. ,so^e 
pliana and a«by,ana. e,by,ana acrylic acid copers. esters. or 9 an,c acrf esters. 
M« propana. isopropy,. pen,e,i.hri,o,, n-bu,y,. gtycero, friace.oxy a.aar^a N N 
el byJe b,s 12 hydro*ys,ea,a,e. oc,yl hydroxys.eara.e, phosphate, phosphtte bufyla. d 
Cbenyi phospa.e. isodipbany, P boapha,a. sulfuric natural * **** * 
aixanolamides, caco diethanoiamide. a*es. amine sal.s. olefins. >«~*™£Z 
linear alcch* and derivatives induding esters, amines, carboxyla.es, overbased sutfana.es. 
caicium su«ona,e, sodium su,,ona,a. magnesium su,,ana,e, po,ya«by,ene give* *»». 
si,oxanes, dime,by,po,ysi,oxanes. auerasiiieena derives, dinony, phenols, and e y^ena 
oxide/prapyiene exide Node cepaiymers. ,n a preferred embodiment, .he n~6 lubr, 
ma,eria, indudas a so,id lubrican, materia, ,n a preferred embodiment, .be «* ubnoan. 
m a.erial is sateded from .he group consisting of: graphi.a. molybdenum disulfide lead 
powder, antimony oxide, poty .etraftuoroefhytene. and stone polymers. In , preferred 
embodiment. ,be apparatus fudher indudas: coaling .he inferior surfaces of .he .ub ta 
ambers wilh a tubrican. prior to positioning the tubuiar members within the preexist ng 
structure. In a prefened embodiment, the lubricant coating includes a firs, part of a 
lubricafing substance; and .he injected lubricating material includes a second part of the 

lubricating substance. . . . 

[0054] A method of coupling an expandable tubular assemb.y including one or more tubular 
members to a preexisting structure has also been described that includes: coating the 
interior surfaces of the tubu.ar members with a first part of a lubricant, positioning the tubular 
members within a preexisting structure, circulating a fluidic material including a second part 
of the lubricant into contact with the coating of the first part of the lubricant, and rad.ally 
expanding the tubu.ar members into contact with the preexisting structure. In a preferred 
embodiment, the lubricant includes a metallic soap. In a preferred embodiment, the lubneant 
is selected from the group consisting of sodium, calcium, and/or zinc stearates, z.nc 
phosphates, manganese phosphate. C-Lube-10. C-PHOS-58-M. and C-PHOS-58-R- In a 
preferred embodiment, the lubricant provides a sliding friction coefficient of less than about 
0 20 in a preferred embodiment, the first part of the lubricant is chemically bonded to the 
interior surfaces of the tubu.ar members. In a preferred embodiment, the first part of the 
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lu bricant is mechanically bonded to the interior surfaces of the tubular members. In a 
preferred embodiment, the first part of the .ubricant is adhesively bonded to the .ntenor 
surface of the tubular members. In a preferred embodiment, the method further includes: 
combining the first and second parts of the lubricant to generate the lubricant. 
[0055] An apparatus has also been described that includes a preexisting structure and one 
or more tubular members coupled to the preexisting structure. The tubular members are 
coupled to the preexisting structure by the process of: coating the interior surfaces of the 
tubular members with a first part of a lubricant, positioning the tubular members within a 
preexisting structure, circulating a fluidic materials having a second part of the lubricant into 
contact with the coating of the first part of the lubricant, and radially expanding the tubular 
members into contact with the preexisting structure. In a preferred embodiment, the 
lubricant includes a metallic soap. In a preferred embodiment, the lubricant is selected from 
the group consisting of sodium, calcium, and/or zinc stearates, zinc phosphates, manganese 
phosphate, C-Lube-10. C-PHOS-58-M, and C-PHOS-58-R. In a preferred embodiment, the 
lubricant provides a sliding friction coefficient of less than about 0.20. In a preferred 
embodiment, the first part of the lubricant is chemically bonded to the interior surfaces of the 
tubular members. In a preferred embodiment, the first part of the lubricant is mechanically 
bonded to the interior surfaces of the tubular members. In a preferred embodiment, the first 
part of the lubricant is adhesively bonded to the interior surface of the tubular members. In a 
preferred embodiment, the apparatus further includes combining the first and second parts 
of the lubricant to generate the lubricant. 

[0056] Although this detailed description has shown and described illustrative embodiments 
of the invention, this description contemplates a wide range of modifications, changes, and 
substitutions. In some instances, one may employ some features of the present invention 
without a corresponding use of the other features. Accordingly, it is appropriate that readers 
should construe the appended claims broadly, and in a manner consistent with the scope of 
the invention. 
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Claims 

1 . A method of radially expanding and plastically deforming an expandable tubular 
assembly including one or more tubular members, comprising: 

coating the interior surfaces of the tubular members with a lubricant; 
positioning the tubular members within a preexisting structure; and 
radially expanding and plastically deforming the tubular members within the P reex,st,ng 
structure. 

2. An apparatus, comprising: 
a preexisting structure; and 

one or more tubular members radially expanded and plastically deformed within the 

preexisting structure by the process of: 
coating the interior surfaces of the tubular members with a lubricant; 
positioning the tubular members within the preexisting structure; and 
radially expanding and plastically deforming the tubular members within the preexisung 

structure. 

3. A method of radially expanding and plastically deforming an expandable tubular 
assembly including one or more tubular members, comprising: 

positioning the expandable tubular assembly within a preexisting structure; 
injecting a quantity of a lubricant material into contact with the expandable tubular assembly; 
and 

radially expanding and plastically deforming the expandable tubular assembly within the 
preexisting structure. 

4. An apparatus, comprising: 
a preexisting structure; and 

one or more tubular members radially expanded and plastically deformed within the 

preexisting structure by the process of: 
positioning the tubular members within the preexisting structure; 
injecting a quantity of a lubricant material into contact with the tubular members; and 
radially expanding and plastically deforming the tubular members within the preexisting 

structure. 
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5 A method of radially expanding and plastically deforming an expandable tubular 
JZ ^ding one or more tubular members witbin a preexisting structure, composing, 
coaling .he inferior surfaoes of the tubular members with a firs, part of a lubrtcan.. 
positioning the tubular members within the preexislingstruc.ure; 
bating a Ufe maferia, including a second part of .he fubrican. into comae, w„h .ha 

coaling of the first part of .he lubricant; and 
radially expanding and plastically deforming fire tubular member within the preexisting 

structure. 

6. An apparatus, comprising: 
a preexisting structure; and 

one or more fubutar members radially expanded and plastically deformed within fine 

preexisting structure by the process of: 
coating the interior surfaces of the tubular members with a first part of a lubneant; 
positioning the tubular members within the preexisting structure; 
circu.af.ng a fiuidic materia.s having a second part of the .ubricant into contact w,th the 

coating of the first part of the lubricant; and 
radially expanding and plastically deforming fine tubular member* within the preexisting 

structure. 

7. An expandable tubular assembly, comprising: 
one or more tubular members; and 

a layer of a lubricant coupled to the interior surfaces of the tubular members; 
wherein the tubular members comprise wellbore casings; and 
wherein the lubricant comprises: 

a solvent carrier; 

a dry lubricant material; and 

an adhesive material. 

8 . The assembly of claim 7, wherein the lubricant comprises, by weight percentage: 
47% to 50% methyl ethyl ketone; 
1 to 25%, polytetrafluoroethylene; and 
the remainder, an alkyd polymer. 



9. An expandable tubular assembly, comprising: 
one or more tubular members; and 
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a , a yer of a lubrican, coupled to Ihe interior surfaces of the fubular members; 
wherein .he rubular members comprise underground pipes; and 
wherein the lubricant comprises: 

a solvent carrier; 

a dry lubricant material; and 

an adhesive material. 

10 . The assembly of claim 9. wherein the lubrican! comprises, by weigh! perc«n,age; 
47% to 50% methyl ethyl ketone; 

1 to 25%, polytetrafluoroethylene; and 
the remainder, an alkyd polymer. 

1 1 . An expandable tubular assembly, comprising: 
one or more tubular members; and 

a layer of a lubricant coupled to the interior surfaces of the tubular members; 
wherein the tubular members comprise structural supports; and 
wherein the lubricant comprises: 

a solvent carrier; 

a dry lubricant material; and 

an adhesive material. 



12. 



The assembly of claim 11, wherein the lubricant comprises, by weight percentage: 
47% to 50% methyl ethyl ketone; 
1 to 25%, polytetrafluoroethylene; and 
the remainder, an alkyd polymer. 

1 3. An expandable tubular assembly, comprising: 
one or more tubular members; and 

a layer of a lubricant coupled to the interior surfaces of the tubular members; 
wherein the lubricant comprises: 

a solvent carrier; 

a dry lubricant material; and 

an adhesive material. 



14. 



The assembly of claim 13. wherein the lubricant comprises, by weight percentage: 
47% to 50% methyl ethyl ketone; 
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1 to 25%, polytetrafluoroethylene; and 
the remainder, an alkyd polymer. 

15 A lubricant, comprising, by weight percentage: 

40-80% epoxy resin, 15-30% mo.ybdenum disulfide. 10-15% graph.te. 5-10/o 
aluminum. 5-10% copper. 8-15% alumisilicate. and 5-10% 
polyethylenepolyamine. 

1 6. A lubricant, comprising: 

a solvent carrier; 

a dry lubricant material; and 

an adhesive material. 

17. A lubricant, comprising, by weight percentage: 

47% to 50% methyl ethyl ketone; 

1 to 25%, polytetrafluoroethylene; and 

the remainder, an alkyd polymer. 

18. The method of Cairn 1. wherein the tubular members comprise we.lbore casings. 

19. The method of claim 1. wherein the tubular members comprise underground pipes. 

20. The method of claim 1 . wherein the tubular members comprise structura. supports. 

21. Themethodofclaim1.where,nthecoatingof«ubricantischemical.ybondedto^ 
interior surfaces of the tubular members. 

22 . The method of claim 1 . wherein the coating of lubricant is mechanically bonded to the 
interior surfaces of the tubular members. 

23. The method of claim 1 . wherein the coating of lubricant is adhesively bonded to the 
interior surfaces of the tubular members. 

24 The method of claim 1 . wherein the coating of lubricant includes: 

a primer coating coupled to the interior surfaces of the tubular members; and 

a coating of an antifriction paste coupled to the primer. 
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25 The method of claim 1 , wherein the coating of lubricant includes, by weight: 

40-80% epoxy resin, 15-30% molybdenum disulfide, 10-15% graphite, 5-10% aluminum, 5- 

10% copper. 8-15% alumisilicate, and 5-10% polyethylenepolyamine. 

26. The method of claim 1 , wherein the coating of lubricant comprises a metallic soap. 

27. The method of claim 1 , wherein the coating of lubricant comprises zinc phosphate. 

28. The method of claim 1 . wherein the coating of lubricant provides a coefficient of 
dynamic friction of between about 0.08 to 0.1. 

29. The method of claim 1 , wherein the coating of lubricant is selected from the group 
consisting of: 

sodium stearates, calcium stearates, zinc stearates, zinc phosphate, manganese phosphate, 
C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetrafluoroethylene, molybdenum 
disulfide, and metallic soaps. 

30. The method of claim 1 , wherein the coating of lubricant provides a sliding coefficient of 
friction less than about 0.20. 

31 . The method of claim 1 , wherein the coating of lubricant is selected from the group 
consisting of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose derivatives, 
hydroxyethylcellulose, carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyvinyl 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyolefins, 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydride 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, block copolymers including isoprene butadiene, block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 

32. The method of claim 1 , wherein the coating of lubricant is selected from the group 
consisting of: 

graphite, molybdenum disuir.de, lead powder, antimony oxide, poly tetrafluoroethylene. and 
silicone polymers. 
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33. The method of claim 1 . wherein the coating of lubricant comprises: 
a solid lubricant; and 
a binder. 

34 The method of claim 33. wherein the binder is selected from the group consisting of: 
epoxy, acrylic, urea-formaldehyde, melamine formaldehyde, furan based resin, acetone 
formaldehyde, phenolic, alkyd resins, and silicone modified alkyd resin. 

35 The method of claim 33, wherein the binder is selected from the group consisting of: 
vinyl acetate, vinyl chloride, maleic annhydride. maleic acid, ethylene-acrylic acid 

copolymers, ethylene-methacrylic acid copolymers, and ethylene-vinyl acetate 
copolymers. 

36. The method of claim 1 , wherein the coating of lubricant comprises a suspension of 
particles in a carrier solvent. 

37. The method of claim 1 , the coating of lubricant is selected from the group consisting of. 
manganese phosphate, zinc phosphate, and iron phosphate. 

38. The method of claim 1 . wherein the coating of lubricant comprises: 
about 1 to 90 percent solids by volume. 

39. The method of claim 38, wherein the coating of lubricant comprises: 
about 5 to 70 percent solids by volume. 

40. The method of claim 38, wherein the coating of lubricant comprises: 
about 15 to 50 percent solids by volume. 

41 The method of claim 1 , wherein the coating of lubricant comprises: 

about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 

about 1 to 40 percent PTFE; and 

about 1 to 40 percent silicone polymers. 
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42. The method of claim 1 , wherein the coating of lubricant comprises one or more of the 

following: 

ester; 

sulfurized oil; 

alkanolamides; 

amine; 

amine salt; 

olefin; 

polyolefins; 

C-8 to C-1 8 linear alcohol; 

derivative of C-8 to C-1 8 linear alcohol including ester; 
derivative of C-8 to C-1 8 linear alcohol including amine; 
derivative of C-8 to C-1 8 linear alcohol including carboxylate; 
sulfonate; 

polyethylene glycol; 
silicone; 
siloxane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

43. The apparatus of claim 2, wherein the tubular members comprise wellbore casings. 

44. The apparatus of claim 2, wherein the tubular members comprise underground pipes. 

45. The apparatus of claim 2, wherein the tubular members comprise structural supports. 

46. The apparatus of claim 2, wherein the coating of lubricant is chemically bonded to the 
interior surfaces of the tubular members. 

47. The apparatus of claim 2, wherein the coating of lubricant is mechanically bonded to 
the interior surfaces of the tubular members. 

48. The apparatus of claim 2, wherein the coating of lubricant is adhesively bonded to the 
interior surfaces of the tubular members. 
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49. The apparatus of claim 2, wherein the coating of lubricant includes: 

a primer coating coupled to the interior surfaces of the tubular members; and 
a coating of an antifriction paste coupled to the primer. 

50. The apparatus of claim 2, wherein the coating of lubricant includes, by weight: 
40-80% epoxy resin, 15-30% molybdenum disulfide, 10-15% graphite, 5-10% aluminum, 5- 

10% copper, 8-15% alumisilicate, and 5-10% polyethylenepolyamine. 

51 . The apparatus of claim 2, wherein the coating of lubricant comprises a metallic soap. 

52. The apparatus of claim 2, wherein the coating of lubricant comprises zinc phosphate. 

53. The apparatus of claim 2, wherein the coating of lubricant provides a coefficient of 
dynamic friction of between about 0.08 to 0.1 . 

54. The apparatus of claim 2, wherein the coating of lubricant is selected from the group 
consisting of: 

sodium stearates, calcium stearates, zinc stearates, zinc phosphate, manganese phosphate, 
C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetraffuoroethylene, molybdenum 
disulfide, and metallic soaps. 

55. The apparatus of claim 2, wherein the coating of lubricant provides a sliding coefficient 
of friction less than about 0.20. 

56. The apparatus of claim 2, wherein the coating of lubricant is selected from the group 
consisting of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose derivatives, 
hydroxyethylcellulose, carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyvinyl 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyolefins, 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydride 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, block copolymers including isoprene butadiene, block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 
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57 . The apparatus o, daim 2, wherein the coating of lubricant is seiected from the group 

silicone polymers. 

58. The apparatus of claim 2, wherein the coating of .ubricant comprises: 
a solid lubricant; and 

a binder. 

59 . The apparatus o, daim 58. wherein ft. binder is seteded from the group consisfing 

*oxy. acrylic urea-formaidehyde. famine .ormaidehyde. furan based resin, acetone 
formaidehyde, phenotic, *yd resins, and siiicone modified aikyd mm, 

60. The apparatus o, daim 58. wherein .he binder is seieoted from ,he group consisting 

Z, acetate, yiny. chtoride. mateic annhydnde. mateic add, e.hytene-ac*,ic acid 

copoiymers. ethytene-nrethac^iic acid copoiymers, and e,hy1ene-y,ny, acetate 
copolymers. 

61 . The apparatus of daim 2. wherein the coating of lubricant comprises a suspension of 
particles in a carrier solvent. 

62. The apparatus of claim 2. the coating of .ubricant is selected from the group consisting 
manganese phosphate, zinc phosphate, and iron phosphate. 

63. The apparatus of claim 2, wherein the coating of lubricant comprises: 
about 1 to 90 percent solids by volume. 

64. The apparatus of claim 63, wherein the coating of lubricant comprises: 
about 5 to 70 percent solids by volume. 

65. The apparatus of claim 63. wherein the coating of lubricant comprises: 
about 15 to 50 percent solids by volume. 



51 



WO 2005/0X1803 



PCT/US2005/0041U 



66. The apparatus of claim 2. wherein the coating of lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
about 1 to 40 percent silicone polymers. 

67. The apparatus of claim 2. wherein the coating of lubricant comprises one or more of 

the following: 
ester; 

sulfurized oil; 

alkanolamides; 

amine; 

amine salt; 

olefin; 

polyolefins; 

C-8 to C-18 linear alcohol; 

derivative of C-8 to C-18 linear alcohol including ester; 

derivative of C-8 to C-18 linear alcohol including amine; 

derivative of C-8 to C-18 linear alcohol including carboxylate; 

sulfonate; 

polyethylene glycol; 

silicone; 

siloxane; 

dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

68. The method of claim 3, wherein the tubular members comprise wellbore casings. 

69. The method of claim 3, wherein the tubular members comprise underground pipes. 

70. The method of claim 3, wherein the tubular members comprise structural supports. 

71 . The method of claim 3, wherein the lubricant comprises a metallic soap. 



72. 



The method of claim 3, wherein the lubricant comprises zinc phosphate. 
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73. The method of claim 3, wherein the lubricant provides a coefficient of dynamic friction 
of between about 0.08 to 0.1. 

74. The method of claim 3, wherein the lubricant is selected from the group consisting of: 
sodium stearates, calcium stearates, zinc stearates, zinc phosphate, manganese phosphate, 

C-Lube-tO, C-Phos-58-M, C-Phos-58-R, polytetrafluoroethylene, molybdenum 
disulfide, and metallic soaps. 

75. The method of claim 3, wherein the lubricant provides a sliding coefficient of friction 
less than about 0.20. 

76. The method of claim 3, wherein the lubricant is selected from the group consisting of: 
polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose derivatives, 

hydroxyethylcellulose, carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyvinyl 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyolefins, 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydride 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, block copolymers including isoprene butadiene, block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 

77. The method of claim 3, wherein the lubricant is selected from the group consisting of: 
graphite, molybdenum disulfide, lead powder, antimony oxide, poly tetrafluoroethylene, and 

silicone polymers. 

78. The method of claim 3, wherein the lubricant comprises a suspension of particles in a 
carrier solvent. 

79 jhe method of claim 3, wherein the lubricant is selected from the group consisting of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

80. The method of claim 3, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

81. The method of claim 80, wherein the lubricant comprises: 
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about 5 to 70 percent solids by volume. 

82. The method of claim 80, wherein the lubricant comprises: 
about 15 to 50 percent solids by volume. 

83. The method of claim 3, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
about 1 to 40 percent silicone polymers. 

84. The method of claim 3, wherein the lubricant comprises one or more of the following: 
ester; 

sulfurized oil; 

alkanolamides; 

amine; 

amine salt; 

olefin; 

polyolefins; 

C-8 to C-1 8 linear alcohol; 

derivative of C-8 to C-1 8 linear alcohol including ester; 

derivative of C-8 to C-1 8 linear alcohol including amine; 

derivative of C-8 to C-1 8 linear alcohol including carboxylate; 

sulfonate; 

polyethylene glycol; 

silicone; 

siloxane; 

dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

85. The apparatus of claim 4, wherein the tubular members comprise wellbore casings. 

86. The apparatus of claim 4, wherein the tubular members comprise underground pipes. 



87. The apparatus of claim 4, wherein the tubular members comprise structural supports. 
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88. The apparatus of claim 4. wherein the lubricant comprises a metallic soap. 

89. The apparatus of claim 4, wherein the lubricant comprises zinc phosphate. 

90. The apparatus of claim 4, wherein the lubricant provides a coefficient of dynamic 
friction of between about 0.08 to 0.1 . 

91 The apparatus of claim 4, wherein the lubricant is selected from the group consisting of: 
sodium stearates, calcium stearates, zinc stearates, zinc phosphate, manganese phosphate. 

C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetrafluoroethylene, molybdenum 

disulfide, and metallic soaps. 

92. The apparatus of claim 4. wherein the lubricant provides a sliding coefficient of friction 
less than about 0.20. 

93. The apparatus of claim 4, wherein the lubricant is selected from the group consisting of: 
polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose derivatives, 

hydroxyethylcellufose, carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyvinyl 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyolefins, 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydride 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, block copolymers including isoprene butadiene, block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 

94. The apparatus of claim 4. wherein the lubricant is selected from the group consisting of: 
graphite, molybdenum disulfide, lead powder, antimony oxide, poly tetrafluoroethylene, and 

silicone polymers. 

95. The apparatus of claim 4, wherein the lubricant comprises a suspension of particles in a 
carrier solvent. 

96. The apparatus of claim 4, wherein the lubricant is selected from the group consisting of: 
manganese phosphate, zinc phosphate, and iron phosphate. 
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97 jhe apparatus of claim 4, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

98. The apparatus of claim 97, wherein the lubricant comprises: 
about 5 to 70 percent solids by volume. 

99. The apparatus of claim 97, wherein the lubricant comprises: 
about 15 to 50 percent solids by volume. 

100. The apparatus of claim 4, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
about 1 to 40 percent silicone polymers. 

101. The apparatus of claim 4, wherein the lubricant comprises one or more of the 
following: 

ester; 

sulfurized oil; 

alkanolamides; 

amine; 

amine salt; 

olefin; 

polyolefins; 

C-8 to C-18 linear alcohol; 

derivative of C-8 to C-18 linear alcohol including ester; 

derivative of C-8 to C-18 linear alcohol including amine; 

derivative of C-8 to C-18 linear alcohol including carboxylate; 

sulfonate; 

polyethylene glycol; 

silicone; 

siloxane; 

dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 
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, 02 . The method o, Cairn 5. wherein the .ubular members comprise wellbore casings. 

,03. The method o, Cain, 5. whereio the tobular members comprise underground prpes. 

, 04 . The method of Cairn 5. wherein the tubutar members comprise structure, supports. 

,05. The method of Cairn 5. wherein .he lubricant comprises a metallic soap. 

,06. The method of claim 5, wherein the lubricant comprises zinc phosphate. 

,07. The method of Cairn 5. wherein the lubricant provides a coefficient of dynamic friction 
of between about 0.08 to 0.1 . 

108 The method of Cairn 5, wherein the lubricant is se.ected from the group consisting of. 
sodium stearates, ca.cium stearates, zinc stearates. zinc phosphate, manganese phosphate, 

C-Lube-10. C-Phos-58-M, C-Phos-58-R. polytetrafluoroethylene, molybdenum 

disulfide, and metallic soaps. 

109. The method of claim 5, wherein the lubricant provides a sliding coefficient of friction 
less than about 0.20. 

1 10 The method of claim 5, wherein the lubricant is selected from the group consisting of: 
polyacrylamide polymers, AMPS-acry.amide copolymers, modified cellulose derives, 
hydroxyethylcellulose. carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyv.ny. 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyo.ef.ns. 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydr.de 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
copolymers including styrene, block copolymers including isoprene butad.ene. block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 

! 1 1 The method of claim 5, wherein the lubricant is selected from the group consisting of: 
graphite, molybdenum disulfide, .ead powder, antimony oxide, po.y tetrafluoroethylene. and 
silicone polymers. 



57 



WO 20(15/08 1803 



PCT/1]S2005/004I14 



112. The method of claim 5, wherein the lubricant comprises a suspension of particles in a 
carrier solvent. 

1 1 3. The method of claim 5, wherein the lubricant is selected from the group consisting of: 
manganese phosphate, zinc phosphate, and iron phosphate. 

1 14. The method of claim 5, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

1 1 5. The method of claim 1 14, wherein the lubricant comprises: 
about 5 to 70 percent solids by volume. 

116. The method of claim 114, wherein the lubricant comprises: 
about 1 5 to 50 percent solids by volume. 

1 1 7. The method of claim 5, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
about 1 to 40 percent silicone polymers. 

118. The method of claim 5, wherein the lubricant comprises one or more of the following: 
ester; 

sulfurized oil; 

alkanolamides; 

amine; 

amine salt; 

olefin; 

polyolefins; 

C-8 to C-18 linear alcohol; 

derivative of C-8 to C-18 linear alcohol including ester; 

derivative of C-8 to C-1 8 linear alcohol including amine; 

derivative of C-8 to C-18 linear alcohol including carboxylate; 

sulfonate; 

polyethylene glycol; 

silicone; 
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siloxane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

1 1 9. The apparatus of claim 6, wherein the tubular members comprise wellbore casings. 

120. The apparatus of claim 6, wherein the tubular members comprise underground pipes. 

121. The apparatus of claim 6 t wherein the tubular members comprise structural supports. 

122. The apparatus of claim 6, wherein the lubricant comprises a metallic soap. 

123. The apparatus of claim 6, wherein the lubricant comprises zinc phosphate. 

124. The apparatus of daim 6, wherein the lubricant provides a coefficient of dynamic 
friction of between about 0.08 to 0.1. 

125. The apparatus of claim 6, wherein the lubricant is selected from the group consisting 
of: 

sodium stearates, calcium stearates, zinc stearates, zinc phosphate, manganese phosphate, 
C-Lube-10, C-Phos-58-M, C-Phos-58-R, polytetrafluoroethylene, molybdenum 
disulfide, and metallic soaps. 

126. The apparatus of claim 6, wherein the lubricant provides a sliding coefficient of friction 
less than about 0.20. 

127. The apparatus of claim 6, wherein the lubricant is selected from the group consisting 
of: 

polyacrylamide polymers, AMPS-acrylamide copolymers, modified cellulose derivatives, 
hydroxyethylcellulose, carboxymethyl hydroxyethyl cellulose, polyvinyl alcohol 
polymers, polyvinyl acetate polymers, polyvinyl alcohol acetate copolymers, polyvinyl 
vinyl acetate copolymers, polyvinyl pyrrolidone and copolymers including polyolefins, 
latexes, styrene butadiene latex, urethane latexes, styrene-maleic annhydride 
copolymers, viscosity index improvers for motor oils, polyacrylate esters, block 
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copolymers including styrene. block copolymers including isoprene butadiene, block 
copolymers including ethylene, and ethylene acrylic acid copolymers. 

1 28. The apparatus of claim 6. wherein the lubricant is selected from the group consisting 

graphite, molybdenum disulfide, lead powder, antimony oxide, poly tetrafluoroethylene. and 
silicone polymers. 

129. The apparatus of claim 6, wherein the lubricant comprises a suspension of particles in 
a carrier solvent. 

130. The apparatus of claim 6, wherein the lubricant is selected from the group consisting 
of: 

manganese phosphate, zinc phosphate, and iron phosphate. 

1 31 . The apparatus of claim 6, wherein the lubricant comprises: 
about 1 to 90 percent solids by volume. 

132. The apparatus of claim 131 . wherein the lubricant comprises: 
about 5 to 70 percent solids by volume. 

133. The apparatus of claim 131 , wherein the lubricant comprises: 
about 15 to 50 percent solids by volume. 

1 34. The apparatus of claim 6, wherein the lubricant comprises: 
about 5 to 80 percent graphite; 

about 5 to 80 percent molybdenum disulfide; 
about 1 to 40 percent PTFE; and 
about 1 to 40 percent silicone polymers. 

135. The apparatus of claim 6, wherein the lubricant comprises one or more of the 
following: 

ester; 

sulfurized oil; 

alkanoiamides; 

amine; 
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amine salt; 

olefin; 

polyolefins; 

C-8 to C-18 linear alcohol; 

derivative of C-8 to C-18 linear alcohol including ester; 
derivative of C-8 to C-18 linear alcohol including amine; 
derivative of C-8 to C-18 linear a.cohol including carboxyiate; 
sulfonate; 

polyethylene glycol; 
silicone; 
siloxane; 
dinonyl phenol; 

ethylene oxide block copolymer; and 
propylene oxide block copolymer. 

,36 A method o, radially expanding and plastically deforming an expanded .ubular 
aslav including a plurality - tubu.r members -pled end ,0 ending, 
coating me interior surfaces of the tubular members with a lubncant; and 
radiaily expanding and plastically deforming .he tubular members. 

deformed by the process of : 
coating the interior surfaces of the tubular members with a lubricant; and 
;l„y expanding and plastically deforming the tubular members within the preex.st.ng 

structure. 

138 A method of radiaily expanding and plastically deforming an expandable tubular 
assembly inctuding a plurality o, tubu.r members coupled end to end, ~™ 
iniectlng a quantity o, a lubricant materia, into contact wi.h the expandable tubular assembly. 

radially expanding and plastically deforming the expandable tubular assembly. 

139 An apparatus, comprising: 

Tplality of tubular members coupled end or end and radially expanded and plast.cally 
deformed within the preexisting structure by the process of: 
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injecting a quantity of a lubricant material into contact with the tubular members; and 
radially expanding and plastically deforming the tubular members. 

140. A method of radially expanding and plastically deforming an expandable tubular 
assembly including a plurality of tubular members coupled end to. comprising: 
coating the interior surfaces of the tubular members with a first part of a lubricant; 
circulating a fluidic material including a second part of the lubricant into contact with the 

coating of the first part of the lubricant; and 
radially expanding and plastically deforming the tubular members. 

141 . An apparatus, comprising; 

a plurality of tubular members coupled end to end and radially expanded and plastically 

deformed by the process of: 
coating the interior surfaces of the tubular members with a first part of a lubricant; 
circulating a fluidic materials having a second part of the lubricant into contact with the 

coating of the first part of the lubricant; and 
radially expanding and plastically deforming the tubular members. 

142. A method of radially expanding and plastically deforming an expandable tubular 
assembly including one or more tubular members, comprising: 

coating the interior surfaces of the tubular members with a first part of a lubricant; 
circulating a fluidic material including a second part of the lubricant into contact with the 

coating of the first part of the lubricant; and 
radially expanding and plastically deforming the tubular members. 

143. An apparatus, comprising: 

one or more tubular members radially expanded and plastically deformed by the process of: 
coating the interior surfaces of the tubular members with a first part of a lubricant; 
circulating a fluidic materials having a second part of the lubricant into contact with the 

coating of the first part of the lubricant; and 
radially expanding and plastically deforming the tubular members. 

144. A lubrication system for lubricating an interface between an expansion device and a 
tubular member and the expansion device during the radial expansion and plastic 
deformation of the tubular member using the expansion device, comprising: 

means for providing boundary lubrication; and 
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means for providing hydrodynamic lubrication. 

145 A method of lubricating an interface between an expansion device and a tubular 
member and the expansion device during the radial expansion and plastic deformation of the 
tubular member using the expansion device, comprising: 

providing boundary lubrication; and 

providing hydrodynamic lubrication. 

146. A lubrication system for lubricating an interface between an expansion device and a 
tubular member and the expansion device during the radial expansion and plastic 
deformation of the tubular member using the expansion device, comprising: 

means for providing extreme pressure lubrication; and 
means for providing hydrodynamic lubrication. 

147. A method of lubricating an interface between an expansion device and a tubular 
member and the expansion device during the radial expansion and plastic deformation of the 
tubular member using the expansion device, comprising: 

providing extreme pressure lubrication; and 
providing hydrodynamic lubrication. 

148. A lubricant, comprising, by weight percentage: 
40% alkyd resin; 

20% titanium dioxide; 
1% calcium silicate; 
22% methyl ethyl ketone; 
15% polytetrafluoroethylene; 
1% driers; and 
1% levelers. 

149. The assembly of claim 7, wherein the lubricant comprises, by weight percentage: 
40% alkyd resin; 
20% titanium dioxide; 
1% calcium silicate; 
22% methyl ethyl ketone; 
15% polytetrafluoroethylene; 
1% driers; and 
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1% levelers. 

150 . The assembly of claim 9, wherein the lubricant comprises, by weight percentage: 
40% alkyd resin; 
20% titanium dioxide; 
1% calcium silicate; 
22% methyl ethyl ketone; 
15% polytetrafluoroethylene; 
1% driers; and 
1% levelers. 

151. The assembly of claim 1 1, wherein the lubricant comprises, by weight percentage: 
40% alkyd resin; 
20% titanium dioxide; 
1% calcium silicate; 
22% methyl ethyl ketone; 
15% polytetrafluoroethylene; 
1% driers; and 
1% levelers. 

152. The assembly of claim 13, wherein the lubricant comprises, by weight percentage: 
40% alkyd resin; 
20% titanium dioxide; 
1% calcium silicate; 
22% methyl ethyl ketone; 
15% polytetrafluoroethylene; 
1% driers; and 
1% levelers. 
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